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REPORT. 



The record of progress made iu the geological sarvey' of the State 
in the year 1892 is presented in this Annual B«port of the State 
Geologist. The presentation of the work done in the several dtvisions 
or departments of the Survey is necessarily incomplete, ae manr 
details are incapable of proper classification in advance of thoroagb 
investigation of the subjects of study upon which it is engaged. There 
are gaps also for which data are still wanting in order to full and 
dear statement. In view of the constaDt aocessiou of new material, 
and its proper assimilation, it is difficult to shat off the tide of 
aocnmnlation and to summarize results and present complete or final 
reports in any of the several divisions of work. The annual reports^ 
therefore, lack the fullness and comprehensive generalizations which 
characterize mon<^raph8 or final reports, and are necessarily reports 
of progress. 

The several departments of the work of the Survey form the basis 
of its organization and the reports of progress made in these variona 
lines of investigation are incorporated in the annual report, as lead- 
ing heads or parts thereof. They are to some extent separate and 
independent of one another, representative of the results of studies 
and surveys by these divisions into which the oi^anizition is arranged, 
although all have for their object the elucidation of the facts of 
geological structure and the physical geography of the State, and as 
an ultimate end, the information of the people in order to the highest 
development of the natural resources wnicii surround every home in 
the State. 

The report is divided into the following parts : 

Part 1. Surface Gfeology — Report of Prepress. 
Part II. Cretaceous and Tertiary Formations — PreliminaryReport. 
Pact III. Water-Supply and Water- Power — Beport of Pn^rese. 
Part IV. Artesian WeUs in Southern New Jersey. 
Part y. The Sea-Dikes of the Netherlands and The Aedamation 
of Lowlands and Tide-Marsh Lands. 
Distribution of Publications. 

{8* 
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The administrative report, introdnctoiy to the reports of the 
seTeral divisions, has as topics of discoesion : Pleistocene or surface 
formations ; Cretaceous and Tertiary formations ; water-sapply and 
water-power ; artesian wells ; sea-dikes of the NetberlaDds ; 
reclamation of tide-marshlands; drain^; natural parks and forest 
reeervations ; work of the United States Geolc^cal Sarvey in New 
Jersey ; the Geolf^oftl Survey exhibit for the Columbian Exposition ; 
office work ; Geoli^cal Survey rooms ; pablications ; and staff of 
the Survey. 

FLEI8TOCEITE OB SUBFACE FOBHATIONB. 

The study of the sor&ce formatJons of the State has been considered 
one of the important divisions of work of the Geolt^cal Survey. In 
the general summary of the work from 1864 to 1868, and published 
under the title of Geolc^ of New Jersey, several chapters were 
devoted to the description of some of the more prominent features of 
the surfece.* In the prf^ress of the survey in succeeding years 
more detailed examinations were made and noted in the annual 
reports. The terminal moraine attracted attention by its marked 
topographic features and mixed constituent materials, and its limits 
were given in the report for 1877,t and again in the report for 18781 
A more comprehensive report ou the surface geoli^ was prepared in 
1880 aud published as a "report of progress."§ In that report the 
terminal moraine of the glacial drift was traced, the marks of the 
retreating ice-sheet in "moraines of recession" were noted, and the 
glacial drift south of the terminal moraine was referred to as " trans- 

Sorted glacial drift."l| The existence of an older and more soathern 
rift in the central part of the State, and south of the terminal 
moraine, was referred to, and as probably glacial in origin.^ The 
yellow gravels of the central anci southern parts of the State were 
shown to be still older, and posaibly of later Tertiary age.** In 1885 
the same gravels were further studied by N. L, Britton and F. J. H, 
Merrill, and their results were given in the report for that year.ff 

The work of Prof. Salisbury was begun in 1891, and a preliminary 
report of his studies appeared in the last annual report4t 1'^ 
dividon of the survey has nad a large share of the annual appropria- 

•Geol(«y of New Jersey, Newark, 1868, pp. 168-170 ; 226-230, and 327-330. 

t Ann. Eep. of the State Geolt^ist for 1877, pp. 9-22. 

J Ann. Hep. of the State Geologist for 1878, pp. 8-23. 

i Ann. Hep. of the State Geologist for 1880, pp. 14-97. 

II Ann. Bep. of the Stale Geologist for 1880, p. 37 et eeq., and pp. 76-87. 

t Ann, Eep. of the Slate Geologist for 1S80, p. 81, 

"Ann. Rep, of the State Geologist for 1880, p. 87. 

tt Ann. Bep. of the State Geolc^Ut for 1885, pp. 55-57. 

it Ana. Bep. of the SUte Geologist for 1891, pp. 35-108.' 
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tioD, and ite work has been poshed as vigoroiiBly as the meanB allotted 
to it wonld permit. One of the leadiog objects is a geological map 
of the sarface formations. As they are found in all parts of the 
8tat« and in places coveriDg the older rook formations over lai^e areas, 
the areal work is practically aa extensive as the limits of the State. 
The base for the representation of the Pleistocene or surface forma- 
tions is that of the topcsraphio surrey, and the maps of the atlas of 
the State are colored to uiow the various glasses of deposits belonging 
to the Pleistocene period. 

The progress made in the study and mapping of these deposits in 
1892 is stated in Professor Salisbury's letter of transmittal (see page 
35). The difficulties met with in the earlier stages of the work have 
been largely overcome, and methods for more rapid advances have 
been learned, so that in all probability the survey of the whole State 
can be made within the period of the present l^islative appropria- 
tion, and a complete map of the sttrfaoe formations be prepared and 
published at its close. The present time is opportune for making a 
geological map of this kind, after the topographic survey has given 
^e configuration or shape of the surface in its detailed maps, and 
before culture has so far modified the character of the surface, oblitera- 
ting the landmarks whereby some classes of these surface formations 
are recognized, that mapping would be impossible or extremely diffi- 
cult. In the history of topc«rapbic sarveys in our country the State 
has led, giving to its people the first complete topt^aphic State map. 
It is, therefore, eminently fitting that this advance should be main- 
tained and the geolc^ical map of its surface formations be the type 
which others shall study. The position of the State, so near the 
large city populations of the middle Atlantic coast and the centres of 
geol(^cal schools, will make some of the more characteristic features 
of the surface formations type areas in glacial geology. The educa- 
tional element in the results of the work is sngg€stive of their use la 
the public schools and colleges in the State to a higher degree and 
greater extent, even, than that of the topographic maps, which have 
done so much for the local ge<^raphy. The geological map of the 
State, which shall exhibit the till, moraines, kames, eskers, overwash 
plains, valley trains of gravel and sand, lacustrine deposits and other 
classes of drift due to the ice invasion of the State, will be a guide- 
to these type-areas and localities of geol<^cal interest to glaoialists 
and all persons who wish to know more of the history of so recent a 
geol(«ic period. 

This survey has added much to our knowledge of the glacial for^ 
mations in its differentiation of so many new classes of deposits having 
their origin in the ice invasion. The kames, eskers, valley trains, 
overwash plains and berg till are discoveries made by it. They bad 
not been recognized or described in the earlier work or before Prof. 
Salisbury began his studies of the Pleistocene formations. He has 
discosaed the relations of these various deposits and traced their 
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history to the glacier sheet which covered ao much of the State in the 
earliest ice epoch. The work of the ice has been graphically described 
IB its OD-coming and advance over the State to its most aouthem 
limits, in ite temporary halting and re-advance, and in its final retreat, 
with all the changes produced in the underlying rock-floor and the 
depoBits left by it in their diverse yet related phases. The phenomena 
of lake basins and diverted river channels have been considered. The 
arguments for the existence of Lake Passaic are demonstrative and 
fiu^estive. The change in the course of the Raritan river is another 
And unique example of changes due to the glacier sheet. 

The careful study of these surface formations is expected to demon- 
fltrate the age of the Trenton gravels and their place in the sequence of 
events connected with the glacial epoch. The ailments for the 
Antiquity of man based upon relics, ascribed to human agency, which 
have been found in the Delaware valley at and near Trenton, cannot 
be said to be decisive until the questions of the age and geologic 
history of these gravels have been settled. The importanoe of a care- 
ful study and the correct interpretation of the pnenomena at this 
locality and their proper reference to geologic horizons is clear to all 
who are acquainted with the world-wide references which have been 
made to the Trenton gravels and the ai^uments there&om in &vor of 
slacial man. The archEeological bearing of the work is, therefore, 
important and indicative of results of value. 

This study of the Pleistocene or surface formations contributes to 
our knowledge in the explanation which it gives of many features of 
the landscape which seem strange, and of the confused variety of 
elopes and irregular assemblages of hills and vall^s. The terminal 
moraine hills, the shore terraces of the old Lake Passaic, the eskets 
«t Ramsey's, the overwash plains at Morris Plains and Plainfield, 
and the kame areas in the valley of the Hackensack are some of the 
more prominent features in the surface configurations of the State 
which are understood in the light thrown upon them by it. 

The foreign materials on the surface — the erratics — are traced to 
fheir parent rock. The drift-covered slopes are interpreted and their 
history is read in the materials and forms which they disclose to criti- 
cal study. A new and a later chapter is thus added to our knowledge 
of the past history of the surface under our feet. 

The accurate survey of the suriace affords a guide to the scenery 
and those features of the landscape which are diaracteristic, and in 
eome cases give them particular value or fit them for special usee. 
The subject has been presented in a most attractive manner by Pro- 
fessor Geikie in hia " Scenery of Scotland." In New Jersey the rock 
formations are the rocky skeleton, and the lai^er features of the sur- 
face are due to it; but over it there is thrown a mantle of loose 
materials which constitute the surface formations. The drift-covered 
northeastern Highlands as contrasted with the nearly driftless ranges 
of the same formations at the southwest are Ulustrative of the soften- 



ed by GoOgIc 



THE STATE GEOLOGIST. 7 

ing in the features produced by the glacial drift. But the exceptions 
«re nmnerous and a detailed map is neceeaaiy to explain them. In 
tlje red-aandatone district the diversity due to the drift is equally great. 
.On the trap-rock ridges the modification in the surface is very marked 
in many localitiee. Short Hills is a notable example of the utiliza- 
tion of a moraine for a town site. Madison, also, is on the moraine. 
The drift hills at Alpine and Closter, on the foot of the Palisade 
moontain, make beautiful sites for rural homes. In a word, much 
of the variety in the landscape and many of the beautiful sites for 
-oountry seats and suburban settlements in the northeastern part of 
the State are owing to the diversified surface produced by accumola- 
tions of glaoial drift and terraced forms of glacial materials. Diver- 
sity has taken the place of aniformi^ and simplicity in form through 
the moulding hand of the glacier and its ice-oarried load of foreign 
materials. 

The adaptations of the surface to particular usee, as forestry and 
its proper domain, also are indicated oy this survey of the surface. 
The bowlder- strewn hillsides are as unfitted for clearing and tillage 
as the mountain slopes where ledges are everywhere prominent and 
the rook outcrop is a large part of the surface. Where the till is 
■oomparatively free from bowlders, the ground may be farmed with 
pront, but generally the till-covered mountain sides are adapted to 
forestry rather than agriculture. The kamee, eskere and overwash 
plains, referred to in this report and mapped, are also less suited to 
profitable farming than to forestry. These classes of surface for- 
mations are unsuited for general farming, and they are the areas 
'vrhich should be devoted to forestry. And a State supervision of 
forests and far-sighted management would relegate some of the farm 
lands on these thin and bowlder-crowded soils to their natural crop 
■of trees. It is not possible to particularize by localities. The general 
principle is clear that forestry should claim the larger part of these 
formations which are not adapted to profitable farming. A map of 
the surface becomes therefore the basis of a State map in a oonsidera- 
'tion of the forest lands of the State. 

The importance of the careful studv of the surface formations to a 
proper classification of the natural soils of the State and an accurate 
w;ncnltnral map was referred to in my last report. Soils have been 
■dassified generally in terms descriptive of their physical composition 
and texture. They have been referred to the underlying rock forma- 
tions, as gneissic, limestone, slate, &e. — according to the nature of the 
rock.* Inasmuch as the rock outcrops are subordinate in extent to 
the great sheets of till and other drift concealing them, the considera- 
tion of the nature of the surface formation is important in the study 
of the soil, and the basis of a proper classification is in the surface 

*The soils of Neir Jersey vrere classiSed ss gneisBic, limeshme, Blate, shale, marlj, 
Ao., &0., bj Prof. Cook, in tlie first report of the State Board of Agriculture. 



id by Google 



« ANNUAI^ REPORT OF 

geology. Thia classiBcation is eenetic, relating as it does to their 
origin and the changes produced hy geologic agencies at work altering- 
the nature of the surface. The conceptions of a scientific agricnltore 
embrace the origin and successive changes of the sur&ce. The tili 
depofflted under the glacier is generally a heavy and cold surface and 
wet. On the other hand, the sand and gravel ridges and hills which 
were left by the melting of the ice-eheet in the valleys, and known a» . 
kames and eskers, are noted for their porous and non-retentive 
characters and thin soils. In this way it is possible, by careful 
examination and study of details, to map the areas so marked by ear- 
face characteristics as to determine their agricultural values and their 
specific relation to the production of crops, and produce an agricnl- 
tnral map. The progress of modern scientific farming is to break 
down the limits of these natural groups and to make the whole surface- 
productive, and it is successful wherever land is so valuable that how- 
ever poor it may be naturally it can be bo amended and enriched as 
to become fertile. The limit to this betterment is reached at a short 
distance from cheap transportation lines and good markets. The 
larger part of New Jersey is still beyond this limit and these natural 
provinces determine the character of its agricullnre. The wheat- 
growing territory, the pasturage or dairy districtfi, the orchard, the- 
Irish potato, the sweet potato and other staple crop areas are on the 
Boils where these crops thrive, and they are within limits traceable on 
the maps of the surfaoe formations which have resulted in the existing 
soils and subsoils. Therefore, the relation to agriculture is close and 
important in its suggestions of treatment and adaptations. The 
geolt^ical period in which these changes occurred, the limits of which 
are mapped in the survey of the formations of the surface, was the 
last and most recent — Pleiatooene — the transition age, when the surface 
was being fashioned for man and for his support by its till^e. The 
characters of these 8urfaoe-b?ds which go so far in determining their 
value as the basis of good or poor, fertile or barren soils were 
impressed upon them in that Pleistocene time or were largely modified 
by conditions then existing and belonging to it. The geological 
history shows what is the probable value of a surface formation as the 
basis of a soil for ^ricultural uses and is to some extent indicative of 
the kind of treatment and the nature of crop to which it is best 
adapted. To particularize: the granitic and gueissio-rock outcrops 
free from glacial drift, form a coarse-grauular and well-drained soil 
and subsoil, sufGciently retentive for holding fertilizers, and therefore 
a good soil for general farming. The trap- rock soils are clayey and apt to 
be cold. This survey is, therefore, the key to the situation and gives- 
not only the limits but also the reasons for the existence of these- 
diversities in well-marked districts. It shows the range of crops and 
that distribution which is consistent with the capabilities of the soil 
in the various natural districts of the State, and also with the highest 
development of the resources and the least expenditure of force. 
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Agricultnral economy is thus related most inlimately to the geology 
of the earface. 

CKETACEODB AND TEHTIARY FOBMATIOS8. 

The study of the Cretaceous and Tertiary formations of the Statf^ 
which was begun by the co-operation of the United States Geological 
Survey with the State Sarvey in 1891, was continued during a part of 
the summer. Prof. William B. Clark, of Johns Hopkins University, 
Baltimore, is in chaise of the work. His studies of the later geologic 
formations of the Atlantic coast, particularly in Maryland and Vir- 
ginia, have given him a wide acquaintance with them, and have 
prepared the way for a more detailed study and the correlation of the 
New Jersey deposits and fossil forms with those of the Atlantic coast 
generally. The small appropriation allotted to him was insufficient 
to pay for a full season's work, and a part only of the area occupied 
by these formations was surveyed and mapped. Id the historical 
sketch of this report the work done in their study is noted, but it is^ 
pertinent to refer here to the examinations of the late Frofec sor Cook,. 
ID order to show the relations of that work to what is now being don& 
under the direction of Professor Clark. 

The preparation of the reports on greensand marls, published in 
1868, in the Geology of New Jersey, covered surveys in the field 
which demonstrated the existence of the three marl beds and showed 
their relative position and their gentle southeast dip, as well as the- 
UDconformity of the overlying days and sands which were assigned 
to the Miocene horizon. Many chemical analyses were made of the 
marls on account of their economic importance as fertilizers in the 
belt of country where they occur and their value in agriculture to 
adjacent parts of the State. The relative amounts of greensand in 
the marls of the several beds, their physical characters, and the 
chemical composition of the greeneand or mineral glaueonite were- 
also subjects of investigation at that time. The Increasing use of the 
marls suggested further chemical examinations, the results of which 
were published in the annual reports of the State Board of Agricul- 
ture and in those of the Geolf^ical Survey.* 

These reports did not give specific informatiou on the origin of 
the greensand, so tinique and characteristic as it is of a part of the 
Cretaceous beds, nor of the varying oonditioas attending their deposi- 
tion. The absence of this mineral in the clays and sands of the Kari- 
tan formation, or the plastic clay series, as It has been called, and its 
presence throughout the overlying and later clays, marls and sands of 
the marl belt, are facts indicative of altered conditions and affotd 
valuable generalizations. Professor Clark has discussed at some 
length the question of origin of the greensand, and the relations of 

"FuBt AoDual Report State Board of Agriculture and Anoual Report Geo'ogicab 
Sarvej for years 1872, tt etq. 
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the several beds to one another. This tmrt of hie report is exceed- 
iaglj iDterestiDg and suggestive of fartner investigation in this field. 
Toe information is highly eduoatioD&l, if not so utilitarian as that of 
older reports ou our greeuaand marls. And the subject is one which 
will no doubt find many readers among the intelligent farmers who 
faave used so much of this valuable uattiral fertilizer and have profited 
so greatly by a liberal use of it. The relation of the red-sand bed to 
the marl beds in nature of material as well as in its forms of life, the 
extension of the upper marl bed so as to take in the underlying 
yellow sand, and the separation of this part of it from the higher 
blue marl, formerly included in the upper marl bed, are features of 
this report which deserve attention. The refereuoe of the fossil forms 
of life to the particular beds, bo far as it is possible, is also interest- 
ing, and is su^^stive of furUier work in collecting more carefully in 
this field than has been done. 

The geological map which illustrates this report, represents the 
work done in the field in determining the boundaries of the several 
iteds within the area covered by two sheets of the map of the United 
States by the United States Geological Survey. The base differs 
slightly in scale from that of the Kew Jersey maps, but is from the 
>fiame topc^raphic survey. The woods are omitted, as their repre- 
sentation tends to confusion with the colors used for the various oeds. 
This map is the first of a new series on a large scale, and it shows 
most interesting geologic outcrops and a rich agricultural district. 
The practical value of a geolc^ical map of this Kind is apparent to 
all who seek a more thorough knowledge of the geol<^c structure of 
the country, the location and extent of the beds of clay marl and 
marl, and their intimate relation to the soils and their agricultural 
'development, and to the topographic features in all their range of 
economic importance. The clay marls are the basis of much of the 
brick-making industry of this part of the State as well as the clays of 
the Raritan formation ; the marl out<!rops constitute the naturally 
fertile areas and the red sand bed forms the beautiful range of Mount 
Pleasant hills and Naveaink highlands, as also some of the more pro- 
ductive soils for fruits and some root orope. The use of the marl has 
declined largely since the introduction and more general use of the 
commercial fertilizers, but it ought not to be forgotten that heavy 
dressings of marl have enriched permanently many farms, and have 
contributed to their greater productiveness even after its disuse. The 
map has, therefore, a value to the agricultural student and to the 
farmer because of its accurate delineation of the marl outcrop and the 
outlines of the marl belt. 

The report gives little space to the discussion of the Raritan 
formations of plastic clays, sands and associated beds, and does not 
materially contribute to our knowledge of the same. The reference 
to the possible extension of the Cretaceous beds over the red sand- 
stone of the Jura- Trias is suggestive of the need of much more study 
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^fore it may be aooepted as explanatory of eome obeerved facte. A 
report on the clays of tlie State, in course of preparation, will afford 
« proper place for the discussioD of this question. 

The study of the greensand marls, and particularly the olay marls, 
and their relations to the underlying formations is expected to show a 
poeaible sabdivision of this member of the series. The determination 
-of the horizon of the Shark river marl and its relation to the lower 
marl beds, and the farther detailed surveys in the overlying Neocene 
-or Miocene beds, are interesting problems for work in the future. It 
is hoped that our appropriations may admit of so large an allotment 
that the co-operation of the United States Greological Survey may be 
continued, and that the geological mapping may be extended south- 
fwest over the whole greensand marl belt. 



WATER-SUPPLY ABD WATEE-POWEB. 

Mr. C. C. Vermeule, topc^rapher and consulting engineer on the 
staff of the Geological Survey, has bad chai^ of this division of 
the work, which has for its investigation the study of the etream- 
^owB and the survey and mapping of the natural water-sheds or 
hydroeraphic basins of the State. Two annual reports of the progress 
oude have been published. The third report, and that for the year 
1892, appears as Part III. of this report The delay in completing 
the work has given more time for tne observation of stream-flows, 
«nd these longer periods of measurement have a much greater valae 
than that of one year oould have. There are at present four observers 
only who report on stream-flows. The others have discontinued 
work and their records are ended. All available existing data on the 
«nbject have been ^thered from engineers and others in the State, 
The redaction of uieae observations has reqnired some additional 
enrveys of lakes and stream channels. All of this material will 
te valuable in the study of the capacity of streams and the water- 
supply available from taem. The question is of great importance, 
particularly to the residents of our larger towns and cities. ■ It has 
been referred to in the annual reports of this Survey every year since 
1876, and the information in them has been of service in securing 
better supplies for some of the cities. It is still a vital question and 
■deserving of the attention of all interested in the health of the people. 
For the more intelligent discuEsion and consideration of the vano«s 
sources of available snpply, the ofBcial estimates of the capacity of 
the water-sheds should be made public in these reports. A part of 
this information is given in this report. A map of the State is 
«dded to show the location and extent of the water-sheds in the oorth- 
^astern part of the State which are now in use aod those which are 
Available for additional supplies. The elevations at the outlets are 
-also given. The map of all of the water-sheds in the State and their 
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areas was given in the Annual Report for 1890. Thie map ie there- 
fore sapplementary to that one. It may be noted that the available 
areas are all, in part or wholly, in the Highlands, except that of 
Saddle river. 

The Highlands are most valuable gathering territory for water- 
supply on account of their rock formatione, the lai^e area in forest, 
the aparseness of the population and the excdlenoe of the water. There 
are available sites for pumping-stations on the lower red-sandstone 
hills and valleys and nearer some of the cities and towns of that part 
of the State, and some of them are utilized, but the superior fitness 
of the Highlands is unqneetioDed, and therefore attention is directed 
again to uiat district. The map shows how large a part of it is yet 
unoccupied and desirable as sources of abundant supplies of wholesome* 
water. The rocky surface of these mountain ranges has retarded 
the clearing of the forests and saved them in comparative nearness 
to the densely- populated valleys on their southeastern border. Geologic- 
structure and conditions of surface due to geologic agencies give us the 
ezplanatioQ for this natural provision so remarkable in its congruous 
fitness and so valuable in the development of the State. So much 
has been written on this subject that it seems to be unnecessary to- 
refer to it again in these anniul reports. The snbject is, however, so 
important in its relations to the health of communities, as well as so- 
conducive to the highest enjoyment and utilization of the natural 
resources of the country, that attention is again ashed to the Highlands 
and the watar-sheds which are available for lai^e eupplies of excellent 
water and at heights of 190 to 280 feet above tide-level. Qoantity 
alone should not control in the decision of the question of source any 
more than cost, and both should be subordinated to quality, especially 
in view of the economy of health and life in the use of pure water, as 
compared with the losses incident to disease and death which are 
traceable directly to the use of water of inferior quality or of polluted 
nature. The time is coming when the sesthetic considerations involved 
in the nature of the water used by a people will have more force than 
they have now, and filthy water repugnant to the taste will be replaced 
by supplies drawn from more attractive sources. All of these argu- 
ments point to the Highlands as the natural gathering ground for the 
drinking-water of the city populations in the northeastern part of the 
State. 

The volume on water-supply and water-power is in oourse of pre- 
paration and is to be published as soon as it is ready. It is hoped that^ 
it can go to press sometime in 1893. The contemplated volume will 
be a hand-book of reference on this subject, giving information on the 
sources ot water-supply and the quality of waters, and on the avail- 
able water-powers and the sites now in use and capable of develop- 
ment. It is to be uniform in style with the volumes already published 
and known as the Final Report of the Survey. 

The water-sheds of the streams in the central and southern parts oS 
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the State are not shown on the map of the State whioh accompanies 
the report and illustratee the paper of Mr. Yermeale. The equable 
l9ow of many of these streams, their capaoitr and the excellence of 
the water generally have been mentioned in the reports for 1890 and 
1891. The complete utilization of the water of a limited area for 
local sttpplies has not been attempted in New Jersey. This system of 
■saving all of the Sow from a given area which is guarded against any 
possible pollution was seen in use last summer at The Hague, the 
capital of the Netherlands. The cities of Amsterdam and Leyden also 
«se it. The gathering grounds are on the coastal dunes not far from 
^ese dties. The Hague utilizes a seotion of the dune range about 
three milee long for its supply. The area is under the contrd of the 
municipal authority and is therefore guarded against any possible 
«ouroe of contamination of its water. The whole surface is underlaiu 
by a network of drains, and the water falling on the surface and sink- 
ing into the sands finds its way into the drains. The drainage of the 
4iiUB of the area into the lower gronnd is largely from a ooDsiderable 
depth, so that the water is not all from a superficial stratum of the 
dunes. There are a few comparatively small open water areas or 
lakelets which are practically small reservoirs and they constitute a 
part of the system. The drains are so arranged as to carry all of the 
water to the reservoirs, whence it is pumped into the main distributing 
reservoir. The water is excellent in quality and absolutely safe 
against pollution. The range of dunes on our Atlantic coast, known 
as the beaches, affords small areas for the use of this system or source 
-of water-supply. Wherever the land can be had cheaply and can be 
■controlled for the purpose it is possible to get good water for limited 
local use, and there are small settlements, and even towns, so situated 
that water from the adjacent unoccupied beach might be used. 
Assuming the available rainfall which can be collected to be twelve 
inches in depth for a year, an acre is capable of yielding about 300,000 
gallons, or nearly 1,000 gallons daily. At the same rate a square 
mile can give a supply of 672,844 gallons a day, enough for a town 
of 5,000 inhabitants. When this use of the sur&ce is (X)upled with 
the growth of forest or the protection of the sand-hills against the 
moving action of the wind on the same area there is an indirect 
advantage gained. For some iocalities this source seems to be one 
worthy of consideration by authorities or owners in search of a better 
«upply than artesian wells can afford, and where water &om the 
jnainland cannot be had without lai^ and expensive oonstructions. 



ABTE8IAN WELL8, 

Artesian or deep-bored wells continue to be the source of supply 
of good water in many localities, and many wells are bored each suc- 
oeraing year. The success in getting water has stimulated the ezten- 
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sion of the syBtem until the whole BontheaBtcni coast is aupplied witb 
water obtained from this source. There are new wells ontaide of the 
coastal belt in the sonthem interior and along the lower Delaware- 
valley, and in the central and northeastern parts of the State, wbieb- 
are as remarkable for their abundant 3ow as those in the coastal belt. 
The low cost of water from artesian wells is in their favor, as com- 
pared with that of aqueducts and reservoirs, The subject is attracting 
the attention of many small communities and establishments which 
consume a la^ volume of wat«r at considerable cost for water tax ;: 
and many inquiries are addressed to this office for information on the 
nature of the strata, the possible exiatence of water-bearing beds, 
quality of water obtainable, volume of flow which may be expected, 
and other data pertinent to the question of an artesian supply. The 
general interest in the subject, and the practical value of data from 
wells, has made it imperative to continue the work of gathering all 
available facts and thus preserving as complete a record as posaible of 
the artesian wells in the Stat«. This work, begun several years ago 
by Lewis Woolman, of Philadelphia, has been continued throughout 
the year. He has given to it such attention as was consistent with 
other and business engagements, and the work has been largely a 
labor of love. His carefui and painstaking efforts, his enthnsii^ic^ 
search for any new undertakings and his diligent comparative study 
of the facts obtained are evident in bis reports. The record of the 
new wells in the southern part of the State is full. A few localities 
in the northeastern part are not included in the paper. His report 
OD artesian wells makes Fart lY , of this annual report. 



THE SEA-DIKE8 OF THE NETHEBLAND8. 

By permission of the Board of Managers of the Geolc^ical Survey,. 
I was enabled to be absent a part of the summer and autumn and to 
ri^ Europe, in order to study the Dutch syst«m of sea-dikes. An 
official letter from Governor Leon Abbett to the Waterstaat, or bureau 
of the Dutch government in charge of these protective defenses of the 
kingdom, secured the proper introduction and the most hearty co- 
operation oa the part of the authorities having control of them. An . 
engineer of the Waterstaat was detailed to accompany me to the more 
important points and to introduce me to the local engineers and super- 
intendents. This officer was interpreter as well as guide and rendered 
valuable assistance in translating notes and giving access to official 
maps and .surveys. The local engineers at paints visited were also 
directed to do whatever would facilitate my inquiries. It is pleasant 
here to mention the names of the Honorable Minister of the Water- 
staat, C. Lelij, who gave the neoedsary directions to his subordinates- 
upon the receipt of Governor Abbett's letter; the Hon, S. R. Thayer^ 
United States Minister to the Netherlands; Mr, G, v. Dieaen, resi- 
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dent engineer of the WaterstAat at The Hague ; Mr. F. I>ofiegiiiea> 
also engineer of the Waterstaat, who was my guide in visiting the 
West Kappelle, Flashing and Petten sea-dikes; Mr, R. O. van 
Manen, Cnief Engineer m the Waterstaat, resident at Haarlem ; Mr. 
J. P. Wytenhorst, engineer at FJashing, and Mr. A. H. SCraater,. 
superintendent at Petten. Their kind attention and courtesy de- 
serve this public reoi^ition. The data on sea dikes given in tbi»' 
report are uie results, in part, of their painstaking attention, without 
which little accurate information could have been gained in the time- 
at my command, 

Three points, Helder, Petten and West Kappelle, were selected for- 
ezamination, and they were visited. The range of dunes is wanting 
at these places and liie gaps are filled by formidable sea-dikes. At 
the Helder — the entrance to the Zuider Zee — the massive works make- 
a part of the military defenses of the country, and fortification and- 
dike are continuous and one. At Petten, in the province of North 
Holland, there has been a break in the range of sand hills and a 
strong dike has been built to keep out the sea from the land behind- 
it, which is several feet below the ocean level. The works are under 
the control of the Waterstaat and a government engineer resides 
there, whose duty it is to inspect the work and to report on ite condi- 
tion to the veaeral office at The Hague. The works at West Kappelle,.. 
in the island of Walcheren and in South Holland are of a like kind 
and are also under the control of the Waterstaat or Water Bureau, 
The dikes at the harbor of Flushing also were visited. They serve 
to guard against the waters of the Scheldt, here a wide estuary, and' 
to make, as it were, a land-locked harbor, having deep water and 
affording room for vessels of large size and draught. 

Many other localities in the provinces of North and South Holland 
and of Utrecht were visited, and dikes along rivers and canals, dikes 
used as promenades and drives in cities, and interior or subsidiary 
dikes, as well as the great see-dikes above mentioned, were seen, and 
notes of their construction and maintenance were made. 

The western and northwestern or coastal belt of the Netherlands is 
nearly all below the level of high tide, and through the removal of 
the superficial peat and the eubsideoce due to drainage and cultiva- 
tion, much of this territory has settled to a lower plane, so that there 
are large areas which are several feet below even the level of low 
tide. The surveys and maps of the country show that the range is- 
down to twenty feet below tne Amsterdam datum plane or A. P.* of 
the Dutch engineers. The preservation to agriculture of this exceed- 
ingly fertile and productive part of the kingdom is in the maintenance 
of the system of dikes, which are the results of centuries of work and 
at the cost of many millions of guilders. The control of this network 
of canals and dikes and the protection of the land, on account of the 

* A. P. : AmBterdtuoBch Peil — Amitardam pile or datum. 
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many private inta^sts iovolved and the extent of the territory, is of 
necesBity lod^ in a government department. The management is 
thorough, efficient and economical of expenditureB. The want of land 
for the sapply of food to the denselr-popnlated oonDtry and the Urge 
cities on these low-lying and impoldered distriots and the cheapness 
of labor have made it poesible to do what elsewhere and under other 
-conditions cannot be done. The dikea were a necessity. As has been 
said by De Amicis in bis "Holland and Its People:" "Holland is 
a oonquest made by man over the eea ; it is an artifioial oocntry ; the 
Hollanders have made it ; it exists because the Hollaaders preserve 
it ; it will Tanish whenever the Hollanders shall abandon it." * 

The application of this system of sea-dikes to our coast is perhaps 
-not practicable, because there is not the necessity for them as a means 
of defense against the sea, except to arrest the eroding action of the 
waters at a few points. Some modification of the dike, and this com- 
-bined with a system of jetties, may answer our needs. The great 
-size and the enormous expense of construction preclude the possi- 
bility of copying the example the Dutch show us in their great sea- 
'dikes. 

The importance of some better means of protection than that afforded 
by the jetties and the wooden bnlkheads which are in nse on onr 
coast, has sn^ested the presentation in this report of some notes on 
the sea-dikes of Holland and also on what may be done by dikes 
and jetties to protect our shore front at more exposed points. These 
notes are on pages 315-329 of this report. 



BECLA.MATIOK OF TIDB-HABBH LANDS. 

This subject has been referred to in previous reports of the Geolo- 
: gical Survey, aud at length in the annual reports for the years 1866, 
1869 and 1870.t During a visit to the Netherlands last summer, 
made by permission of the Board of Managers of the Survey, for the 
purpose of stndying the means employed to protect the coast against 
the encroachments of the sea, I bad opportunity to see a large part of 
the country which has been reclaimed and has been put under a high 
state of cultivation. The success has become a subject of world-wide 
iame and the example of the Dutch pointed out as a great lesson to 
other lauds and peopks. The work of centuries has added tract to 
tract, or pMer to polder, as these embanked and drained lands are 
termed, aod lakes, tidal waterways and broad estnaries have been 
-made into arable land and nearly all of the rivers have been shut in 
between dikes and controlled so that they appear more like great 

* " Holland and Its People," p. 2, New York, 1881. 

t Add. Bep. of the State Geologist for the year 1869, TrenloD, 1870, pp. 23-41, axA 
-Ann. Kep. of the Sute Geologist for the year 1870, New BroDswicIi, 1871, pp. 18-63. 
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canals than natural channelB through which the watera drainiDg lai^ 
interior territories find their way to the aea. The fertile soil of mndi 
of this polder land and the rioh pastures and gardens were evidence 
of what patient and painstaking labor and continued, thorough work 
in the care of the soil had done in that country. The land thus 
reclaimed is not all equally productive. Where sand flats were, or 
old belts of sand hills or dunes, the earfaoe is sandy and is not as 
fertile as that of the sea-clay bottoms or the days of the old river 
channels. In general, the clay lands have made the &mouB meadows 
for pasturage ; the sandy tracts and areas, the market-garden and 
notably, the flower-bulb grounds. Naturally, our tide-marsh lands 
are as good as those of the Netherlands which have been drained, and 
the more clayey parts are adapted to pasturage or till^e when 
reclaimed. The nearness of much of this tidal plain to die great 
cities of the adjacent States as well as those of the State, the accessi- 
bility to these markets by railway and water-way lines of carriage for 
freight, and the practicability of their reclamation, seem to be strong 
arguments for draining and improving them. And attention is asked 
again to the subject as of public interest and within the scope of pro- 
fitable private undertaking. There are in the State 296,600 acres of 
these tide-marsh lands, nearly all of which is without forest and much 
of it is capable of drainage. This area is nearly one^ighth of that 
of the cleared upland, in farms, in the State. At present it yields cropa 
of salt grass and sedge which have some value and are salable, but 
the income is probably not one-tenth that of rioh npland in the same 
locality. The relative importance of aoH meadowt to npland has 
declined within the last half century and such land is neglected for 
agricultural oses. The addition of this area to the cleared and pro- 
ductive farm lands of the State would amount to more than ten per 
cent, of additional farm lands and would yield an increase of twenty 
or more per cent, of farm products. The development of the natural 
resources of the State should include the marshes as a leading element 
in the production of wealth, and the attention of capitalists and of the 
citizens of the State should be directed to them by the Survey. 

The work of reclaiming the marshes from the tidal waters along 
the Delaware river and Delaware bay was begun as early as 1700 in 
the vicinity of Salem. There are many emtnnked meadows along 
the river and some of its tributaries, and some of the tracts inclosed 
by a single line of banks or dikes are lai^. One at Finn's Point, 
in Salem county, contains 1,200 acres, and the bank is broad enough 
on top for a roadway and is ten feet high. In Elsinborough township, 
half of the whole area is embanked-meadow land, loi^e tracts 
were formerly banked along the Cohansey creek and the Maurice 
river, but much of it has been abandoned to the tide again. No 
attempt has been made in this part of the State to drain the water 
below low-tide level, and there are slnice-gatea only for letting o£F the 
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waters at low tide. So far as is known, no artificial means of draining 
off the water has been attempted anywhere in the State from 8uc£ 
lands devoted to crope or pasture. 

Very little work in draining tide marshes has been done on the 
eastern side of the State, except on the Newark meadows east of 
Newark, where a company was organized and began the work of 
reclaiming a tract of abont 6,000 acres lying between the Passaic and 
the Hackensack rivers, and on the line of the railways which there 
croBB the meadows. The banks were bnilt with an iron-plate core, 
for secarity against the ravages of muskrats, and for greater strength. 
The water was shut out down to the level of low tide and the meadows 
became comparatively dry, and upland plants and vegetation appeared. 
This work was done about twenty-fonr years ^o, but the project to 
drain lands there for farming was a failure. Aooording to the survey, 
about 4,000 acres is embanked and 1,560 acres of it is improved."* 

The total area of tide-marsh land embanked ia the State was, ia 
1888, 34,304 acres-f Of this area, about 30,000 acres were along 
the Delaware bay and the streams flowing into it, and in the southern 
part of the State, 

Surveys of the meadows at tlie head of Newark bay and along the 
Hackensaok and of those in Salem county were made ba 1869, and 
the inat« of these surveys were printed in the annual report of that 
year. The depth of the mud was sounded on lines orossing the 
marshes, and the nature of the material of the surface was noted. 
The maps show the parts which are clay, clay and peat mixed, and 
peat or vq;etable matter only ; ilIso, the depth of the mud, or mud 
and peatt 

The later top(^;raphio survey of the State has given more accurately 
the boundaries of ttie tide-marsh lands in the State, and they have 
been mapped iu detail, as shown on the sheets of the atlas of the 
State. For the locadon and extent of the tracts of these lands, 
reference may be had to the topographic maps. 

Agricultural depression dnrmg the last decade of years has perhaps 
been the leading cause in the neglect of the embanked meadows and 
the non-ezteusion of drainage works generally. The farmer has had 
too much aplaud, and the salt meadows have received little attenticm. 
The increase in the arable lands of the State has been comparatively 
small since 1880. Speculative projects are also answerable for this 
neglect, through their failures to yield the incomes anticipated, and it 
is unfortunate that there should have ever been any organized 
attempts to do more than drain laud valuable for ordinary agricul- 
tural uses, and, at average farm-land prices, capable of yielding a fair 

• Fioal Beport of the State Qeologiat, Vol. I., p. 101, TwntoD, 1888. 
t Beport cited, p. 9*. 

i Copies of the Annual Report of 1SG9 are adll to be hsd on applitstion at the 
office of the State Qeologiat. 
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Tate of iDterest. And at the present time there is no prospect of 
extraordinarily large returns to be bad from any drains^ or reclanub- 
tioD projects in the State, except on some small and bvorably- located 
tracts, where the land has a value for other nses than for cropping. 
It ought to be added here that the probable success of any recuma- 
tion project is dependent largely upon the kind of crops to be raised, 
For general farming, and particalarly for the staples, com, wheat, 
grass and potatoes, it is doubtfal if any capitalists can be foand to 
put monev in embanking even well'situated tracts to produce these 
crops. The more profitable crops which are raised near large city 
markets and a more intensive agricnltnral practice are demanded on 
lauds reclaimed at costs which make their valuation greater than that 
of the neighboriog upland. It is important that the experimeuts 
which may be made shall be at points and on tracts of good quality 
-of soil, where the cost of banking can be reduced to a minimum and 
the tillage may give early results. It is believed that the outlay 
which is put in lands of this kind and at favorable points need not 
«xceed very much the capital which productive upland requires for 
its purchase, and that suoh investments may yield a fair rate of 
interest. Looking to the ultimate development of all of our natural 
resources and the removal of the unsightly and malaria- breeding 
wastes, which are traversed by great railway lines in crossing the 
State, the need of some carefully-planned and judiciously-executed 
■drainage projects on our tidal-meadow lands is of great importance 
and is much to be desired. For these reasons the subject has been 
referred to at some length in this report of the Survey. It is hoped 
that some examinations of drainage works in the State, and some 
surveys of the tide meadows aod their adaptation to farm use can be 
given in the report next year. A paper on the polder lands of Hol- 
land and notes on the location and extent of our tide-marsh lands are 
to be found in this report on pages 331-353. 



DBAINAOE. 

The drainage of wet meadows and lands subject to overflow from 
floods in streams has had maoh attention given to it by the Geological 
Survey. Surveys have been made of several of the larger tracts of 
these wet lands and the location and area of all of them have been 
included in the general topt^raphic survey of the Stat£. And the 
maps of the topographic survey show the surface configuration and 
the lines of possible outflow or drainage of the waters which may 
cover them. Their relations to the general hydrc^raphic system of the 
State as well as t^ the political divisions and the lines of transporta- 
tion are also indicated upon these maps. In addition to the general 
State surveys, lines of level have been run through large tracts of wet 
lands and the fall of existing waterways or drainage channels and of 
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improved routes for n«ater fall have been ascertained. The nature' 
and depth of the mud and peat also have been in some cases examined. 
The subject has attracted public attention and enlisted enterprise, an*) 
drainage methods have been undertaken and carried to successful 
completion. The results have been reported upon with much of detail 
in the annual reports of the Geological Survey. Ever since the pub- 
lication of the Geology of New Jersey, in 1868, the drainage of 
the wet lands has had more or less reference to it in these reports. 
The subject is of perennial interest and no apology is necessary in' 
introducing it again. In fact, the superior vfuue of these drained 
lands for production of large crops, their easy tillage, the additional 
acreage of arable land and inorement of public wealth, as well as the- 
removal of unsightly waste lands and possible breeding-places of 
malarial disorders, are cogent reasons for keeping the subject oonstantJy 
before the people. The work of the Survey, now in progress, in- 
studying the nature of the surJace deposits and in mapping the various- 
formations which make this surface, has as one of its practical results^ 
the reclamation of these lands. After the field survey of another 
season it is proposed to refer to them in some detail and more particu- 
larly in their origin and history. 

The success of the Great Meadows drainage scheme in Warren county^ 
has been noted in the annual reports of the Survey.* Reference 
to the need of some common superintendence for keeping the channel 
clear and facilitating the discharge of the waters was made in the 
report for 1891. The control by the State, as in Holland, may not. 
be practicable here, but the efficient^ of the working of a govern- 
mental supervision and inspection commends the Dutch system or' 
some modification to suit our conditions and modes of thought abontr- 
the public control of such matters. It would seem as if there should* 
contmue in force some commission of drainage works or joint super- 
vbion by a representative body from the several land-holders. The- 
interest of the land-owners in any drainage scheme and in its con- 
tinued SQCcess should be the basis for any provisions made tor 
continued supervision, and be in harmony with our common views of 
republican form of government. The representatives of the people 
of the locality, that is, the owners in question, are entitled to authority. 
Some amendment of the general drainage laws of the State is wanted 
to give authority to the representatives of the associated land-owners- 
who may wish to have the benefits of a drainage project continued 
after the work has been done and the commission has ceased from its- 
authority. The Peqaest dr^age needs it, and the delay in clearing 
obstructions, which may increase in the future, is threatening the 
permanence of the improvement. It is not necessary to refer to 
failures in the case of smaller experiments or projects for drainage, to 
enforce the ai^ament for continued watchfulness on the part of some? 

"Ana Bep.of the S(at« Geologist Tor the ;ear 1884, pp. I12-11S. 
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anthorized r^resentative of the ownerB in the oaee of the Great 
MewJovs tract or other tracts which may hereafter be improved. 
Abandonment means loss of property and discouragement to others 
«ontemplatin2 sDch improvements. The perseverance of the Butch 
in holding what they have and in reclaiming from the sea the losses 
of the fourteenth and thirteenth centuries are leesons which may be 
stimulating and instructive in this holding on to lands improved 
•at great cost, yet subject to reversion to their original condition if 
not cared for by constant attention and labor in maintaining the 
-drainage improvements. These general statements are made to 
suggest the need of care and watchfulness on the part of the owners 
-of tne Great Meadows tract in order to its oontinued prosperity. The 
details are left where they rightly belong — to those most deeply 
interested in the property. It may be added that in the case of 
failure on the part of the land-owners to agree on any plan for the 
maintenance of the improvements, application may be made to the 
<xeotogical Survey, and a new Commission be appointed to make such 
surveys and do so much work as may be necessary to drain the tract. 
-By the terms of the law, five owners uf separate lots of land included 
in such wet tract * may apply to the Geological Survey and ask for its 
■draint^, and the Survey is thereby authorized and empowered to 
make surveys and plans for drainage. The report and plans are sub- 
mitted to the Supreme Court, by whom the CommissioD is appointed 
to do the work of draining and raise the necessary moneys, to be 
assessed upon the lands improved. 

Paaaaio river drainage. — The work at Little Falls, on the 
Passaic, haa been oarried forward nearly to its oompletion under the 
^neral supervision of George W. Howell, one of the Commiseioners. 
The falls oave been obliterated, and a channel eighty feet wide has 
■been excavated through the rock and rock debris from the mill of the 
Beattie Manufacturing Company to the pool below the falls site. A 
■channel twenty-five feet wide and sixteen feet deep has been cut 
through the rock from this lai^r channel to the site of the gates at 
the north end of the dam. The work has been done under contract 
by the Monis & Cummings Dredging Company, of New York, 
There is yet to be cut a channel throngn the reef of rock above the 
-dam and through the bar of earth and loose stone at Two Bridges, in 
order to provide an adequate waterway from the upper level through 
these several obstructions and afford room for the delivery of the 
waters in time of flood from the meadows above Little Falls. The 
gates are to be put in by the Beattie Manufacturing Company as soon 
as the question of relative efBoiency of the two forms proposed can be 
settled. The original plan of the Geolc^ical Survey required that the 
waterway be twenty-five feet wide and sixteen feet deep. Instead of 

*ThiB act does not extend to lands flowed )>7 tide. See Ann. Bep. of the State 
•QeologiEt for 1888, pp. 49 60. 
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the otdiDary vertical gates, having this aize of dischaTge, three- 
cylindrioal or tnbular gates, each uue feet in diameter, luye been 
proposed as equivalent in delivery and less expensive in conetructioD 
than the vertical form. They are not common and not so well known^ 
and henoe the change proposed has been regarded as experimental, if 
not at variance with the detaib of the plan of drainage on which the 
Commission is at work. The question is most important, and 
demands a careful consideration of all the facta of stream-flow and 
delivery of proposed channels as well as that of the various forms of 
gates. An examination of the flow of the river, and a new determina- 
tion of channel oapacities and the delivery rate in time of flood are- 
wanted as data in settling the question of size of gates as well as- 
capacity of their delivery. The efiBciency at all seasons of the year 
and in case of obstructions also is to be oonsidered. 

The large cost of this Passaic drainage, the large number of land- 
owners in the valley, who are to pay the cost by assessments made 
npon their holdings of flowed lands, and the public importance of 
their successful reclamation and improvement make it imperative 
that no doubtful or inefflcient steps oe taken. The &ilares of the 
earlier schemes for the drainage of these Passaic valley lands also sag- 
ee&t careful oonsideration to avoid any possible mistake. It is hoped 
mat another annual report may chronicle the completion of the work 
on channels and the setting of the gates, so that the obstructions tO' 
the delivery of flood-flows shall not be of such natnre as t« interfere 
aerioosly with raising and harvesting crops from the meadow Iand» 
along the Passaic. 

The drainage works at Little Falls do not and cannot afford any 
relief to the wet lands along the river above Chatham, Their 
improvement is in part conditioned by obstructions near that place and 
their possible removal. They are not aa extensive as those below, nor 
are they subject to ao destructive floods. The Great swamp and the- 
Bead river lands are unsightly, and their drainage would be an 
improvement in a country where property value is increased by its- 
attroctiveness and healthfnlness. Water-power sites and water-power 
mills and factories are not so essential t« the general public as condi- 
tions favoring health, and not as valuable as coantry for suburban 
residential purposes. And the State is interested in the development 
of its highest resources, values for residential purposes at some points- 
and water-power developments at other and properly-located poiat» 
where they are not subordinate in importance to more valuable 
intereats. 

It might bs noted in this place that the drainage in the Paesaio- 
river is of great interest geol<^cally, and its history is one of mnch- 
variety. 'Hie existence of an old lake ba^ is referred to by Prof. 
Salisbury in this report (see pt^ee 126-144.). Could this lake have- 
continued, t. e. could the dam.,at Little Falls have been high enough 
to shut it in within its shore line as now traceable, the value of the 
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adjaoeut lands woald have been perhaps greater than that of the highly- 
improved farm lands of the whole valley. 

There are other large tracts of wet lands in the State capable of 
improvement by drain^e of the Biirplus waters in times of flood. 
The Drowned Lands in SosBex county and extending along the Wall- 
kill into Orange connty, New York, is the largest of Uiem. The 
Paulinskill m^ndows, near Newton, in the same county, is another 
tract of considerable extent. There are others also of importance and 
value, althongh not as extensive as these named. 

The Drowned Lands is a comparatively narrow belt of flowed 
meadow land bordering the Wallkill, from near Hamburgh to the 
line of the N. Y. and L. E. R. R., near Denton. A branch runs up 
the valley of the Poohuck creek to Vernon, Several attempts have 
been made to drain the tract, but the improvement has been over a 
part only. The cutting of a new channel at Denton did much good 
in increasing the rate of discharge of the flood-waters. Surveys of 
the stream made by the Geologiou Survey show that the fall is very 
slight from the head of the tract to the State line.* An improve- 
ment is possible by dredging the channel and clearing it of obstruc- 
tions, 80 as to promote a more rapid descent of the waters. Some of 
the bends might be cut off. The soil of this tract is nearly every- 
where in it of a rich, black, vegetable mould, which is capable, when 
sufficiently underdrained, to produce valuable crops. Some of it is 
DOW meadow, where the pasture is rich and well suited for dairy 
farming. The a^regate value of the whole, if properly drained 
leads to the 8ue$;estion of oonsidering the practicability of drainage. 
And in view of the value of the pasturage on the polder lands of 
Holland to the dairy interest, it seems as if the improvement of this 
tract should be somewhat as there made. The deepening and widen- 
ing of the main channel, that is, of the Wallkill, is necessary in order 
to enlarge the capadty of its delivery. The digging of new canals or 
waterways, one main on either side, to catch the tributaries from the 
adjacent hill-oountry, would add greatly to the relief of the main 
stream. Intermediate and smaller canals and ditches should be dug 
to lower the water and also to serve instead of fences or hedges for 
field divisions. By means of some system of this kind it is believed 
that the whole tract might be valuable for pasturage, if not largely 
for cropping, as the best of the Dutch polders. And this improved 
meadow land would be more productive than the adjacent hill farms. 
At present ruling prices for farm land in Sussex and Orange counties, 
the cost of improving in this way would perhaps be so much as to be 
impracticable. But in view of the greater productiveness per acre 
when thus improved, the cose does not appear nopeless. The example 
of the Chester meadows, near Chester, in Orange county, is suggestive 
of what may be done possibly on a part of the tract and of the large 

• See Annual Beport of State Oeologist for 1871, 
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valne of land of that kind, A difScalty appears in the &ct that the 
tract lies in two States, neceeeitating some joint measares for drainage, 
and onder legislation in both States which ma7 enable oo-operative 
work to be done by a Commission in oharge.* 

In these days of more intensive farming and wider competition 
these allnvial lands of the State deserve attention. Th^ maj be 
compared to some of the more valnable irrigation- farm lajids, since 
they may be made to be practically irrigable in some caEes, and in all 
they are more easily tilled than the older uplands, and to that extent 
more valuable. The alluvial lands of Europe are its food-producing 
territory, and the wet lands of New Jersey are comparatively as 
important as elements in our agricultural development. They ought 
to oe in a high state of oultivation and much of the mountainous 
land as well as the more uneven and stony hills and valleys, now 
skimmed over by a slovenly and almost wastefnl kind of farming, 
should be restored to forestry and to valuable gathering territory for 
large supplies of water for our cities. 



NATUBAL PABE8 AND FOBEST KBSBBVATIONS. 

The subject of natural parks and reservations in the Highlands 
was noticed in the last annual report. The importance of easily- 
aooessible retreats for the masses of oar city population, as well as foe 
those who are able to own places in the country or to have country 
homes, is such as to justify a repeated reference to the subject. The 
study of the physical features of the State which it has been the duty 
of the Survey to make, and particularly the more recent detailed sur- 
vey of the suriace formations, points to the utilization of those features 
which make certain localities and districts adapted to this use of them. 
The development of the resources in beautiful natantl scenery and in 
health' giving resorts for the people of our crowded cities, is one of the 
eminently practical benefits of the studies and surveys which have 
been made of the sur&ce. The beauty of the scenery and the health- 
fulnees of localities are as closely related to the geology as the occur- 
rence of ons and beds of natural products of economic value, or the 
soil in its endless variation. The explanation of much in all of them 
is alike to be found in geologic history. Many illustrations might be 
given so far as scenery of certain types and forms of beauty is related 
to the geol<^. That the healthfulness is as intimate in its relation- 
ship is not so easily shown. It is hoped that future reports on the 
Clogy of the surface may do mnob to point out in detail, and by the 
p of maps, exhibit at a glance localities and districts of character- 
istic topography and of forest covering and natural drainage which 
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make them of specific value as health resorts, or as sites for natttral 
parks and reservations for game preserves. Ib some of them there 
are remarkable nataral features, which should be preserved hy means 
of some associated or public supervision. The Highlands have been 
referred to repeatedly on account of their be&ntinil lakes, excellent 
water and Burfaoe adapted to the touches of landscape art. The trap- 
rock ranges of hills — the Palisades, Watchung mountains, Sourland 
monntain, Round Vallej or Cuehetunk mountain, and other leaser 
ridges, are prominent in the cultivated- plain country of the Triassio 
red sandstone, aod a£Ford sites of oommanding and beautiful views. 
Many localities are well known and are much frequented. There is 
room for a much larger population on these hills and lower moun- 
tains. Of the more quiet b«iuty of the valleys it is not possible to do 
-more now than to note that the explorer in the northeast and central 
parts of the State may discover what may suit him, and near railway 
lines of travel, bo as to be easily acceseihle from the cities of the 
metropolitan district. Further away there is much of beautiful, 
i^uiet scenery in the Highlands valleys and in the Eittatinny valley. 

The more specific purpose of this reference to the subject is, how- 
«ver, to call attention to the large and available tracts in the Highlands 
which are so well fitted to become nataral parks for the use of the 
masses of our people who need the resort to the country and yel can- 
not afford to have country homes. NeaHv all of the more attractive 
places and all of the larger lakes in the Highlands are teas than thirty 
•miles from Newark and Fateraon and the adjacent towns, and a radius 
of forty miles from the cities of that part of the Btate would sweep 
within its range all of them and the greater part of the Highlands, 
One of sixty miles would take in nearly the whole of the northern part 
of State. It is the comparative nearness of so large a territory filled 
with wild- wood scenery and still in forest, and with so many lakes 
and lakelets within easy reach by railway, which is the attractive 
feature of this country, and more remarkable as we note the deforesting 
inarch of improvement over districts more suited to the demands of 
cropping or where the capacious maws of furnaces and mines, or the 
market for lumber have consumed the woods. It is not a region 
scarred by fires, as are some of the more remote and more pine- covered 
mountains of northeastern Pennsylvania or of the soutaern part of 
our own State. And it is naturally suited to the production of 
luxuriant tree-growth, excepting on the rocky mountain crests, and 
ridges, where tite soil is necessarily scanty and not of a depth to 
make a heavy growth of wood. The preservation of the more 
beautiful and attractive parts of this region for use as large natural 
parks by our cities and as gathering territory for their supply of 
wholesome water, is a subject deservmg of public attention before it 
>be too late to secure them. 

The action of the Massachusetts Legislature in oreatii^, by enact- 
ment, a Metropolitan Park Commission, which shall consider the 
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adviBability of providing open spaces in the vicinity of the towns anif 
cities near Boston, is suggestive of wliat may be done at the proper 
time in New Jersey, and particularly in the thickly-popQlated north- 
eastern part of the State.* Inasmu(»i as the cities of Newark, Jersey 
City, Faterson and the adjacent towns get their drinking-waber from 
the Highlands, they are interested in maintaining it in a forested oon- 
dition. The question of some control over it for the proper ntiliza- 
tion of its waters and its attractive scenic features, deserves attention,. 



WOIt£ OF THE ONITED STATES GEOLOGICAL. 8UEVBY IN NEW' 



The field work in the Highlands, in studying and mapping the- 
crystalline rocks, b^un and carried forward throughout the season of 
IS9I, was resumed in the spring and was in pT<^reBS nntil the middle' 
of July, when it was suspended on account of want of funds for ite 
further oontinuance. Dr. J. E. Wolff", of Cambridge, Massachusetts^, 
was in charge of it. The preliminary work of studying and classify- 
ing the various rocks which make up the mass of the Highlands has- 
been done, and the mapping, in detail, of their areas of outcrop ha» 
been begun and two sheets of the United States Survey have been 
completed. The study of geologic structure has revealed some fact» 
which promise to have an important practical bearing on the occur- 
rence of the magnetic iron ores in these formations. The results of 
these studies are promised for publication as soon as they can be pre- 
pared and presented in their proper relation to all of the conditions- 
attending the progress of the work. This survey of the crystalline 
rocks of the Highlands is done by the Uaited States Gieological Sur- 
vey, according to a plan of co-operation whereby it will study and 
map, geologically, these formations, and the State will prepare the 
map of the surface formations and prepare reports on the surface 
geol(^y. 

In the Bontfaern part of the State the National and the State Sur- 
veys have co-operated in supporting conjointly the work in the- 
Cretaceous and Tertiary formations, and in charge of Prof. William 
B. Clark, of Johns Hopkins University, Baltimore, Md. The State- 
paid him $300 for expenses in the field, and gave him the assistance 
of C. W. Coman until the middle of July, when the work was sus- 
pended for the season. The results of his investigations, and the 

*The recent eBtablishment of the Algonquin National Park, in Ontario, Canada,. 
hj legiglatiTe enactment and upon recommendation of a Commisaion appointed to- 
consider the question, also is instructive. This park, forty miles long and thirtj-sii. 
miles wide, occupies territory whicH, in itH geologic and topo|i;raphic features, resem- 
bles, closely, OUT Highlands. It is to be " a public park, forest reservation, fish and 
game preserve, health resort and pleaaure ground for the benefit, advantage and 
enjoyment of the Province of Ontario." 
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pn^rese in the preparation of a geological map of the greensand mart 
belt of the State, are referred to in another part of this report, and 
also more in detail in the special report on the work made by Prof.. 
Ciark. 

GEOLOGICAL SUBVEY EXHIBIT AT THE WOELD'S COLUMBIAN 
EXPOBinON. 

The preparation necessary for a proper exhibit of the rocks, 
minerals, ores, building stones, clays, marb and other natnral pro- 
dnots occurring in the State, at the exposition to be held in Chicago- 
in 1893, was b^na in the summer and was carried forward to the- 
end of the field season. In the northern part of the State, Harry 
Landes, a geological assistant of Dr. J. E. Wolff', of the United States. 
Geological Survey, was at work for three months collecting rook 
specimens representing the varioas formations, from the oldest crys- 
talline schists up to the Triassic sandstones and traps. Specimens of 
building stones from the active quarries, limestones used for lime and- 
oement, shell marls from marl beds, and a few clays, were also col- 
lected by him. 

The iron ores from the mines then worked, which are to form a 
principal part of the State exhibit, were collected by Frank L. Nason^ 
geologist on the Survey stafiT, in the £eld season of 1890. 

Henry S. Gane, assistant to Prof. William B. Clark, and a geological 
student at the Johns Hopkins University, Baltimore, was employed 
nearly all of the summer and autumn in collecting fossils from the- 
greensand marl beds and speoimens of marls, soils, clays and other 
natural products of economic importance in the southern part of the- 
State. 

Hatfield Smith, general assistant of the Survey, also collected soils, 
from the central and northern counties. 

The material broaght in this year by these collectors will make a 
valuable addition, and will fill many gaps in the Survey collections' 
now in the Geological Rooms in the State House. It is proposed to- 
make a selection of the more representative economic specimens and 
the choice minerals for the State exhibit to be sent to Chicago. It 
is to have its location in the Mines and Mining Building of the- 
Colombian Exposition. The cost of the field work in collecting ha»^ 
been paid, on presentation of bills, by the New Jersey CommiEsion. 
The cost of the exhibit is to be borne oy this Commission. 



OFFICE WOKK. 

The direction of the various divisions of work carried on by th&- 
Geological Survey, and the correspondence iu answer to inquiries rela- 
tive to the State and its geology and resources, and personal attentioib 
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to callers seekiog informatioD, make up the greater part of the office 
work, and claim much of the time of tiie State Greologiat, The num- 
ber of iDquiriee continues lai^, and the range is wider than ever 
before. Whatever can help in the development of the resooices of 
the State is songht'for at this offioe. These inquiries are answered as 
fully as time allows, that the informatioa thus given may be of ser- 
vice to the people. It is a guiding principle that the Survey owes it 
"to the State to do all that it can to promote its development and pros- 
perity, and therefore careful attention is eiven to tnis part of the 
^general work. The many inquiries which call for chemical work 
si^gest the importance of a chemical laboratory, to supplement the 
office in answeriog these inquiries, as well as in making some invcBti- 
^tions wanted for proper descriptions of materials noticed in the 
reports. 

The distribution of publications is done in part at the office. It 
-embraces (1) that to the public schools of the State, pmd for out of the 
school fund; (2) the distribution of reports to individuals j and (3) 
-the sale of the maps of the atlas of New Jersey. The sale of maps 
is attended to at New Brunswick, and is in cbai^ of Mr. Upson, 



GEOLOGICAL BOOHS. 

In accordance with the directioDS of an act of the Legislature 
passed in 1890,* the State House anthorittes have assigned to the 
Qeolc^ical Survey a room on the third floor of the old library exten- 
sion of the State House for the exhibition of its ooUections of geo- 
logical specimens, of fossils, ores, minerals, clays, marls, building 
stones and other natural products occurring in the State, which are 
illustrative of the geologic structure and occurrence, or are of value in 
-the arts and capable of use in the development of tiie resources of the 
State. The Superintendeat of the Stat« House has had the oases from 
■the old State museum repaired and pUoed in the room. They fur- 
nish in part the neoessary equipment for the exhibition of these col- 
lections. Cases along the walls at the ends of the room are needed to 
<»mplete its furniture and give space enough for the proper showing 
-of what is already in the possession of the Survey, and suited for the 
illustration of the State's resources. It is proposed to have the relief 
map of the State placed in the center of the room after its return 
from the World's CoJumbian Exposition. 

Space will be afforded for the storage of some specimens which are 
-called for occasionally, to illustrate modes of occurrence Jtod variations 
in character, in personal interviews with parties seeking information 
on special subjects of inquiry. At present the greater number of such 
specunens are stored in the basement rooms of the State House, and 

* Laws 1890, chap 222. 
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are ao packed in boxes aa not to be readilj accessible. The carefullf- 
selected and representative collections placed in cases in this room, 
when arranged properly and with additional cases, so as to economize 
fully the space assigned to this ase, will make a useful and attractive 
exhibit of what the State has of geological and mioeralogical value 
and interest. 

The maps and reports on liaod are stored in the State House base- 
ment, except a small part of the stock of maps at Mr. Upson's dis- 
tribntiDg office in New Brunswick. The surplus stock of maps 
printed for the exclnsive nae of the public schools of the State is also- 
stored in the basement, snbjkit to orders occasionally for copies to new 
schools or others not sapphed. 



PUBLICATIONS. 

The pablicadons of the year have been the annual report and the- 
seoood volume on the Paleontology of the Baritan Clays and Green- 
sand Marls. The latter consbts of a monograph by Prof. R. P. 
Whitfield, of the American Museum of Natural History, New York, 
and is from the United States Geological Survey. It is entitled 
" Gasteropoda and Cephalopoda of the Raritan Clays and Greensand 
Marls." It was prepared by the United States Geological Survey, 
and one thousand copies in sheets were furnished to the State upon 
payment of the cost of paper and printing. This edition has been 
bound as a State publicabon, aniform in style with the first volume, 
which appeared in 1886. A third volume by the same author will 
complete the report. 

The volume on Water-supply and Water-power, and making one 
of the series of the final report, is not yet ready for publication. 

New editions of sheets of the atlas of New Jersey have been 
printed, to meet the large demand for them. 



STAFF OF THE eUBTEY. 

Prof. Rollin D. Salisbury continues in charge of the survey of the 
surface formations. Prof. G. E. Culver, Charles K. Peet and H. B. 
Kummel were salaried assistants in the field. G. N, Koapp and A. 
B. Whitson were volunteer assistants. 

Charles W. Coman, Assistant Geologist, was with Professor Clark 
from May until in July, when he was transferred to Professor Salis- 
bury's party, in Monmouth county. 

Irving 8. Upson has continued to have chai^ of the distribution' 
of publications from New Brunswick. He is also the disbursiog; 
officer of the Survey. 
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Clarkson C. Vermeale, Consnlttng Engineer and Topographer, baa 
-continued hiB Btudies and aarveys on wster-anpply ana water-power, 
preparatory to a report on these sabjects. 

In co-operation with the United States Geological Survey, Prof. 
William B. Clark, of Johns Hopkins Univeraity, Baltimore, waa in 
the field until near the end of July, atudying the Cretaceous and Ter- 
tiary formations. He was assisted by C, W. Coman and H. S. Qane. 

In the Highlands, the field work in the study of the cryatalline 
rocks was in progress, under the direction of Dr. J. E. Wolff, of 
Harvard University and of the United States Survey. He was 
assisted by Harry Landes. 

Alfred A. Cannon baa continued as clerical asedatant in the distri- 
4}ution of publications, under Mr. Upson, at New Brunswick. 

Hatfield Smith is general sssistaDt at Trenton. 
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UNITED STATES COAST AND GEODETIC 
SURVEY OF NEW JERSEY, 1892. 



BY EDVTABD A. BOWSEB. 



In the month of April an obeerving tower 48 feet high was bailt 
st Taylors, to enable us to see over the tall timber on the lines to 
Williamstown, Colsons, Lippincott and Pine Hill ; and in June a 
reconnoissance vaa made for opening vietas through the tree-tope fix>m 
Taylois to Lippincott and Pine Hill. 

On July 13th field work was resnmed. Obeerving eignals were 
-«reoted at Colsons, Lippincott ('92), Pine Hill and Williamfitown, 
The meaearement of the horizontal angles at Taylors wae b^un on 
July 20th and completed on August 17th. 

The old Coast Survey station at Lippincott was made in 1843, and 
■was marked with an undei^rouud mark and a snriiEice mark. The 
«nrface mark was afterwards removed and lost. At di£fereat times. 
Coast Survey parties searched for this station, but were never able to 
^nd it The Lippincott hill is quite level for more than an acre, and 
there is not the slightest clew for di^^g, as the whole hill presents 
'the same smooth and unvaried surface. We therefore erected a signal 
as sear the old station as we could tell, and called it Lippincott ('92) 
to distinguish it from the old station, which we called Lippincott 
-('43). The object of observing on Lippincott ('92) was to determine 
its latitude and longitude, so that, having the latitude and longitude 
of Lippincott ('43), we oould compute the distance and direction from 
the form» to the latter. 

Aft^ oompleting the observations on August 17tb, the reladve 
positions of Lippincott ('92) and Lippincott ('43) were computed to 
4>e as follows : 

DiaUnce, lippincott ('92) to lipEitiicott ('43) 74.37 fwt 

Azimoth " " .„ 87" 49'. 
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We then meaenred this dietaace and direction, and dng for the old 
mark. On August 18th, the andeiground mark at Lippincott {'43)' 
was foand — a frastam of a glazed stoneware cone — about 2 feet below 
the surface, 75.1 feet from Lippincott ('92), azimuth 87° 6'. The^ 
cone was as bright and smooth as if it had been placed there but 
yesterday. 

We then remarked Lippincott ('43). The cone w&a gunk to the 
. d^th of 4.5 feet, and a granite monument was put over it, which is 
3.S feet long, dressed 6 inches square at one end for a length of & 
inches, with the letters U. S. cut in each of the four sides, and a tri- 
angle on the top. This monument was set in hydraulic cement to 
within 6 inches of the top, and a full description, with sketch, was- 
made. 

A signal was erected at Lippincott ('43), and the angle Colsons- 
Lippincott ('43) was measured at Taylors. The theodolite was then 
moved to Colsons and the angle Lippincott ('43)- Taylors was meas- 
ured. On September 8th the inetraments were moved to New- 
Brunswick. 

From September 8th to September 12th a reconnoissance was run 
on the line Lippinoott-Barden, for the purpose of determining the 
he^fat of scaffold necessary at Lippincott to see Borden. It was- 
found that a scaffold 32 feet high at Lippincott would be sufficient. 

In September the latitudes and longitudes of a number of points 
were computed, including Taylors, Clayton Church spire, Whiglane,. 
Monroe, City Hall tower, Philadelphia, and Lippincott ('92). 

The next stations to be occupied are Pine Hill, Lippincott, Burden 
and Bridgeton, requiring observing towers abont 32, 32, 64 and 64 
feet high respectively, and probably a long vista will have to b» 
opsned through the tree-tops on the line Burden -Bridgeton. 
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LEHER OF TRANSMinAL. 



IBrojessor J. C. Smock, State Geologist, JVenton, JV. J. : 

De&b Sib — During the past aummer, work on the Pleistocene 
(surface) formations was prosecuted as actively and as long as time 
and meauB permitted. During the season I spent four months in 
the field, and had the assistance, for longer or shorter intervals, of 
Prof. G. B. Culver, and Messrs. C. E. Peet, H. B. Kummel, G. N. 
Knapp and A. K. Whitson, the last two being volunteer assistantB. 
Mr. C. W. Coman, who assisted Prof. Clark during the early part 
of the season, subsequently gave much attention to the surface for- 
mations of Monmouth county and its surroundings. Some of the 
surface formations of this region are doubtless Pleistocene, and, 
therefore, fall within the province assigned me. During the early 
part of the season, also, by courtesy of the United States Geological 
Survey, Mr. F. C. Schrader gave some assistance without expense to 
the State. 

The Pleistocene formations of the area covered by sheets 6 and 7 
of the topographical map of the State, have been studied with some 
care. Before the pubHcation of maps embodying the result of work 
already done, some further study should be given to special points, 
but the greater part of the field-work for these areas has been done, 
In addition, some progress has been made in mapping the surface 
formations in the areas covered by sheets 2, 5, 8 and 9. Some time 
and attention, too, have been given to various questions of a general 
nature, the consideration of which was a necessary antecedent to 
satisfactory work in mapping. 

Some of the results which, it is hoped, may be of general interest 
to the citizens of New Jersey are embodied in the following report, 
which has been written quite as much for the sake of the citizens of 
the State who desire to familiarize themselves with geology of the 
surface formations, as for geologists who may not be familiar 

(35) 
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with this particnlar region. Maay of the details now in oar poasee- 
Bion, concerning the sarface formations of the State, are not here 
presented. Many of these details will be used at a later time, when 
the aarface formations, as a whole, have been studied. 

Daring the prosecution of our work, we have been assisted fre- 
quently by the generons hospitality and the kindly lud of many 
citizens, of whose active and intelligent interest in the work of the 
survey it has been a pleasure to know. 

BoLLiir D. Salisbust. 

December 20th, 1892. 
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SURFACE GEOLOGY-REPORT OF PROGRESS. 

1892. 



BY EOLLIN D. SALISBOBT. 



SECTION I. 

INTRODUCTORY— DEFINITIONS. 

In the annual report of 1891, a general outline was given of the 
course of evente in New Jersey during the glacial period. It was 
indicated that during the early part of the period the ice came down 
from the north, overspreading the northern part of the State and 
extending southward to a limit which has not yet been determined. 
It was indicated that, subsequent to thie major adrance, the ice 
receded to the northward, freeing the State, and perhaps the tJnitad 
States, from ice. It was also indicated that, during a later time in 
the course of the ice period, the ice again Eidvanced over a part of 
the territory which it had earlier invaded, but that it did not reach 
BO far south as daring the earlier epoch. It was further indicated 
that the terminal moraine crossing the State from Perth Amboy to 
Belvidere was the product of this last great ice invasion, and marks 
approximately its limit. It is regarded as possible that there may 
have been other advances and recessions of ice between the first and 
last glaciatioDS, hut evidence that such was the case has not yet been 
found in New Jersey. It was stated in the report referred to, that 
the interval between the first and last glaciations in New Jersey was 
believed to be very long compared with the lapse of time since the 
last. It was long enough, it is believed, to have allowed the erosion 
of rain and rivers to have carried away a large part of the drift de- 
posited by the first ice-sheet, and to have allowed that which 
remained to become deeply oxidized and much disintegrated. 

(37) 
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During the past summer the drift deposite of some portions of the 
State have been examined, both within and witbont the moraine, 
with a view to their representation apon maps. The various types 
of surface formations which have been actually recognized, embrace 
nearly all of those described in the preceding report as connected 
with ice formations in general. Some of these t3rpee are represented 
in but few localities. Others are of frequent occurrence and of great 
extension, and will constitute large areas upon the maps. That there 
may be fLo chance of misunderstanding the terms used in the follow- 
ing pages, the leading features of the various classes of drift formed 
directly or indirectly by glacier ice, are stated in brief terms at the 
outset. In addition, two or three types of surface material not con- 
nected with the ioe are mentioned. 



1. TILL— QRODSD MORAIHB — BOWLDER CLAY. 

The material carried forward in and beneath the ice and finally 
deposited from its under surface, constitutes the ground moraine. 
The terms bowlder day and till are also applied to the material of 
the ground moraine. The ground moraine may be composed prin- 
cipally of bowlders or smaller pieces of rock, of aand or of clayey ma- 
terial, or of these various ingredients mixed with each other in any 
proportion and with any degree of intimacy. Ground moraine is 
generally compact, doubtless as a result of the compression to which 
it was subjected beneath the ice-sheet. 

More or less material was doubtless carried forward within the ice 
rather than beneath it. Some of this may have been very near the 
bottom, and may have been crowded up from beneath. Some of it 
may have been further above the bottom of the ice, and may have 
eome from the tops of the hills or mountains which projected up into 
the ice-sheet as it passed over and around them. Material carried 
forward In the ice is, during its journey, englaoial; but as the ice 
melted, the englacial material became, of necessity, either super- 
glacial or Bubglacial. If it became subglacial, either from the melt- 
ing of the ice below or because of its descent through the ice, it was 
deposited from the under surface of the ice, and was therefore sab- 
glacial so far as its deposition is concerned. If, on the other hand, 
the englacial material reached the upper surface of the ice, either as 
a result of the melting of the ice which overlay it, or for other 
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reasons, it was deposited from the upper surface of the ice along the 
line of its terraiDus, and so was superglaoial bo far as its depoaition 
was concerned. Such material is often called auperglaffial tUl. The 
term " upper till " has also been used in coanectioa with it, but since 
this term often has another meaning it will not be used in this connec- 
tion. IHU and bowlder clay, therefore, are terms somewhat more gen- 
eral than ground moraine, since they include also certain snpergkcial 
deposits. The term englaoial tiU has sometimes been used, but since 
englacial material must become superglacial or sabglacial before its 
final depositioQ, the question may be raised whether the term is 
needed to distlDguish any class of glacial deposits. The term is use- 
ful to designate the materials which are carried in the ice before 
their deposition. 

Superglaoial material is not always sharply maxked from sab- 
glacial. In general, its bowlders are believed to be more angular, 
less worn and of more distant origin. It was, doubtleea, leas com- 
pact than subglacial till at the outset, becauae it had been snbject to 
leas preaaure. It probably contained lesa fine material,*' aince it had 
been subject to leas grinding action ; but the expoaure of subglacial 
till to the rains and the droughts, to the heat and the frost, to the 
plants aad the animala for thousands of years, has had the effect of 
loosening its surEace portions to the depth to which these agencies 
work, so that it may be fairly questioned whether lack of compact- 
ness can now be safely relied upon as a criterion for dietinguiehing 
the two types of till. In the mapping of the drift formations of 
Kew Jersey, no attempt will be made to separate the superglaoial 
till from the subglacial. 

2. T£KMINAL MORAINES. 

The material carried down by the ice to its edge does not differ 
materially from that which failed to travel ao far ; bat where the 
edge of the ice stood for a long period of time there would be great 
accumulations of debris. The material accumulated at and beneath 
the margin of the ice, while it occupied an approximately constant 
position, constitutes a terminal moraine. So far as it was deposited 

* There is reawm to believe that the wind sometimes blew dust upon the ice in 
large quaatitiee. Locally, the accumulations thus made were bo great as to consti- 
tute a marked exception to the general absence or paucity of fine material in the 
superglacial drift. 
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directly by the ice withoat the intervention of water, it resembles 
till in compoeition and stractnre. It ia, indeed, till. Botb super- 
glacial and sabglacial material contribnted to the formation of the 
terminal moraine, thoagh the latter more generonely. The char- 
acter of the terminal moraine material, as deposited by the ice, waa 
often mach modified by the action of the water which issued from 
the edge of the melting glacier. Speaking in general terms, the 
terminal moraine is a rough, irregular, complex ridge of drift, 
deposited in part directly by the ice, and in part by the waters which 
were active at ite margin during the time of its accumulation. The 
time of its accumulation was a time daring which the edge of the ice 
remained stationary, or' nearly bo, for a considerable period of time. 
The most distinctive single characteriBtic of the terminal moraine is 
its undulatory topography, which is often designated a " knob and 
basin " topography. 

3. OVEEWASH PLAINS AKD VALLEY TRAINS. 

Overwaah plaint. — The material which lies outside the moraine, 
and which is believed to be of equal age with it, consists mainly of 
the gravel and sand carried on beyond the ice by the running waters 
which emanated from it. Where the waters iasaing from the edge 
of the ice found no valley to receive them, they deposited their 
burden upon the territory just outside of the ice, building np sand 
and gravel plains, Such plains slope somewhat promptly away from 
the moraine, and the deposit of sand and gravel grades off to a thin 
edge at no great distance from the ice. Such a plain is known as an 
overwaah plain, or sometimes as a morainio apron. 

VaUey trains. — If the waters issuing from the ice found accessi- 
ble valleys, the concentration of waters within them caused the cur- 
rents to be swift, and increased the transporting power of the water 
quite beyond that of such waters ae did not find valleys. Swollen by 
the fioode of the melting ice, the rivers occupying the valleys were 
able to carry away from the ice great quantities of gravel and sand. 
This they deposited along the course of the valleys, building up 
gravel and sand fiats, just as rivers are building up fiood plains 
nowadays, except that the process was more rapid and the materials 
coarser in the ice period than in most existing streams. Such a 
river fiat, constructed of materials emanating from the edge of the 
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ice, is known as a vaUa/ train. It ia composed of coarser materials 
near the point where the water left the ice, and of finer and finer 
materials at greater distances from the same. 

Subaqueoua overwaah 2>lain8. — It sometimes happened that mar- 
ginal lakes existed along the ice front. Where this was the case, the 
waters issuing from beneath the ice carried their load of debris into 
water instead of spreading it out upon the land. Under such cir- 
cumstances, the velocity of water coming from the ice was checked 
suddenly upon its entrance into the lake. As a result, it was forced 
to give up its detritus promptly at the point where it reached the 
lake. Only the very fine material, the finest silt and mad, would be 
carried oat to any considerable distance from the border of the 
lake. Such material as was carried out a considerable distance from 
the shore was spread out as a film over the bottom of the lake. The 
gravel and coarser sand filled up the marginal parts of the lake 
near the entrance of the glacial drainage. The gravel plain thus 
constructed would possess a gently-ploping surface, declining from 
the shore of the lake. The outer margin of the plain would be some- 
what lobate, and would possess an abrupt slope, whose maximum 
angle of descent would be the angle at which loose material, like 
gravel, would lie beneath the water. Gravel plains developed at the 
borders of the lakes would gradually advance into them after the 
fashion of deltas ; bub, meanwhile, the parts first constructed wonld 
be built up above the surface of the water, and come to possess a 
surface comparable with that which characterizes overwash plains 
which have no relation to lakes. No specific name is in universal 
use for such formations. They are overwash plains, formed princi- 
pally beneath the surface of bordering lakes, and may appropriately 
be called subaqueous overwaah plains or delta plains. 

4. E8EEB8 — OSABS. 

Eskers or osars is the name applied to certain well-defined ridges 
of more or less completely- stratified drift. Eskers are believed to be 
always constructional ridges — that is, they are ridges which were 
built up. They are not ridges which were left by the removal of the 
materials on either hand. Eskers are extended in a direction which 
generally makes some considerable angle with the former edge of 
the ice. They are most commonly more or less parallel with the 
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direction of the ice movement. Eekers are sometimes nearly 
straight, but if they have coosiderabte length the; are generally 
winding. Their courses resemble the courses of rivers. They some- 
times possess tributaries as do rivers. They are supposed to repre- 
sent beds of glacial streams in which large qnantitiea of gravel and 
other drift materials accamolated. The circnmstancea of accumula- 
tion were such that when the ice disappeared, the river whose chan- 
nel the esker represents, escaped from the course to which the ice 
had heretofore confined it, and the gravel accumulated in its bed 
came to stand out as a ridge. It is probable that either superglacial 
or Bubglacial streams may thus leave records of themselves. The 
essential condition for the formation of an esker is the confining of a, 
glacial stream to a definite channel, and a sufficient supply of detritus. 
Under these circumstances, the beds of streams might be built up to 
considerable height by the accumulation of materials within them. 
Had a stream been able to leave its bed as it was being built up, 
ridges, or channel accumulations which might become ridges when 
the ice melted, would not have been formed. Eskers formed in val- 
leys beneath the ice would not suffer disturbance by the melting of 
ice beneath them, since there was no ioe there to be melted. Eskers 
formed in superglacial channels would have been let down irregularly 
if there were inequalities in the rate of melting of the underlying ice, 
and would be less likely to remain as sharp ridges. Superglacial 
eskers, too, would be likely to lose much of their definition as the 
ice beneath them melted. The gravel would protect the subjacent 
ice from the snn's rays, and would presently come to rest on a ridge 
of ice from which it would slide off ^n either side, thus broadening, 
if not destroying, the ridge. How often this happened we have no 
means of knowing. But where this happened we have no esker. 
By whatever method they came into existence, eskers would be sub- 
ject to disturbance and destruction by any movement of the ice 
which affected the regions where they had been deposited, after the 
period of their formation. 



Certain hills or short ridges of stratified sand and gravel are 
called kamea. They owe their form mainly to deposition, and not to 
any isolating process subsequent to their deposition. They occur 
singly, in groups, or in belts. They are pre-eminently phenomena of 
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the margin of the ice, but since the ice margin was, at some time, 
at all points covered by the ice, kames are not conined to the 
limit of ice advance. They are frequently associated with terminal 
moraines, and are often constituent parts of the belts designated 
terminal moraines. The stratification of kames is often very irregn- 
lar and frequently distorted, as if they had been subjected to the 
action of some disturbing agency after they were formed. Their 
stratification is often such as to show that the water concerned in 
their formation had great velocity. 



6. LACD8TKINB F0EKATI0H3. 

The ice-sheet was frequently so situated with reference to valleys 
as to interfere with drainage by damming the streams. Under 
these circumstances, takes or ponds were likely to be formed. When 
the ice, in its forward movement, reached a land surface which was 
inclined toward it, there would be a trough-like depression between 
the ice on the one band and the land on the other. In such situa- 
tions, ice-water might accumulate, forming a. lake. Whenever, from 
any cause, surface-waters found no outlet, bodies of standing water 
were formed. If strong gravel or sand-bearing streams did not 
enter such lakes or ponds, there would still be some drainage into 
them, both from the melting ice and from the adjoining land. The 
infiowing drainage would bring more or less sediment. In the 
absence of streams, it would be of a fine mud-like character ; in the 
quiet water of the lakes and ponds this sediment would aettle down 
over the bottom, mantling its elevations and depressions with some- 
thing of regularity. Clayey sediment thus deposited would possess 
certain characteristics which do not belong to clays or clayey de- 
posits made by the ice directly. Since only the very fiue materials 
could be carried out into the lake, the deposit thus made would be 
wanting in the coarser materials which characterize the glacial drift. 
Lacustrine clajB, as distinguished from glacier clays, would thus 
possess greater uniformity of texture. They would also be much 
more wazy (fatter) than those of coarser or more heterogeneous con- 
stitution. They contract and crack upon drying much more readily 
than do other classes of drift deposits. They possess certain other 
distinctive characteriatice leas euaceptible of clear definition and brief 
statement. These lacuatrine clays occasionally contain bowlders, as 
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veil as Btones of emaller dimensions. These vere probably floated 
oat by icebergs and dropped into the mud accumalating at the bot- 
tom of the lake daring the accamalatiou of the clays. About the 
borders of lakes coarser materials, snch as sand and gravel, might 
accnmnlate to great depths if inflowing streams or the waves of the 
lake supplied the necessary material. Subaqueoos overwash plains 
and wave-built terraces, as well as other shore features, might thus 
arise. The coarser material of the shores would grade into the finer 
material of the deeper water. 

7. BERO TILL. 

When icebergs bearing till or bowlders floated out into lakes 
which bordered the ice-sheet, deposits were made in the water which 
bear resemblances both to till and to lacoetrine clays. If the ice- 
bergs bore till, this might be deposited intact if the icebergs 
grounded. If the berge bore only bowlders and stones, these were 
dropped into the laonstriue clay. The stones and the clay or mad 
might be in the relative proportions appropriate to till. Such 
deposits would be, in some respects, unlike gronnd moraine, both 
in physical constitution and in topography ; but the two classes of 
deposits may so closely resemble each other that their local differ- 
entiation is no simple matter. Deposits of herg tiU are quite cer- 
tainly existent in New Jersey. 

8. ALLDVIAL FLUirS. 

reivers are commonly looked upon as destructive agents. They 
an primarily valley- makers, but nnder certain circumstances a river 
becomes a constructive agent. If a stream be swift in one part of 
its course and slow in another, the swifter part may get a load which 
the slower cannot carry. Deposits will then be made in the valley 
where the current is sluggish. In this way flood plains are con- 
structed. Flood plains produced by the filling of a valley bottom 
are alluvial plains. We commonly think of alluvial plains as made 
of fine mud, but alluvial plains may be made of sand or gravel, under 
the proper circumstances. The nature of the material will depend 
upon the absolute and relative velocities of the stream in different 
parts of its course, and upon the nature and amount of the material 
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which it 18 eroding and carrying. Alluvial plains once constructed 
may be partially removed by a river in a later stage of its history. 
If a river sink a new channel so deeply below the surface of its old 
flood plain that this plain ceases to be flooded, the remnants of the 
old flood plain become terraces. Many river terraces are, in reality, 
no more than alluvial plains which the river no longer floods. 



9. WIHD-DEIFT — DUHE8- 

Wherever sand is exposed in snch situations that it becomes dry 
frequently, and where the wind has access to it, it is likely to be 
shifted in position. If it is heaped ap in hillocks or ridges they are 
called dunet. If the. sand is drifted by the wind without being 
accamulated in hillocke or ridgee, it is sometimes called wind-drift 
or dune sand, as distinct from dunes. These terms are applied to 
material drifted by the wind only where it is accumulated in con- 
siderable quantity. In all dry regions the wind is constantly shift- 
ing the flne material of the surface. Even in regions which are 
always moist, dost blown from other regions is continually settling 
from the atmosphere, however slowly. Material drifted by the wind 
ia, therefore, well-nigh universal. But so long as it remains a minor 
constituent of the surface earths, the earths of which it is the minor 
constituent are not known as wind-drift. 



10. BESIDUAKY B&KTHS. 

Besiduary earths are not drift in any proper sense of the term. 
They are the residue of rock decomposition, which has escaped 
removal from the site of its origin. The residuary earths are mainly 
the insoluble, or less readily soluble parts of the rock which gave 
origin to them. It rarely happens that residuary earths now lie 
exactly where they originated. Where they originated on hill crests 
or hill slopes, they have gradually descended, accumulating at lower 
levels. This transference downward is effected in various ways. 
When saturated with moisture, surface earths become more or less 
plastic, and have a bodily downward motion of exceeding slowness, 
under the influence of gravity. The residuary materials from above 
tend thus to accumulate at the bases of the slopes on which they 
originated. Again, every shower which causes water to pass down- 
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ward over the sorface of a slope, effects the traneferenoe of sor&ice 
particles of earth from higher to lover levels. This transference 
differs from that last mentioned only in this, that in this case gravity 
effects the movement of the water which becomes the vehicle of 
transport of the earthy particles, while in the other, gravity effected 
the transfer of the earthy materials directly, the moisture inducing a 
sort of plasticity. The wind likewise assists in shifting Sne material 
from its place of genesis. Bnrrowing animals move surface materials 
by direct means, and, by keeping the soil loose, indirectly facilitate 
transference by other means. 

Plants do a similar work in keeping the surface soils loose. On 
the other band, they retard the movement of surface materials by 
means of their roots, which tend to hold the materials together, and 
to prevent their movement. Their retarding influence is doubtless 
much greater than the opposite. But locally, as where trees are up- 
rooted, the loosened earth is brought into a position favorable for 
shifting down slopes. After the scars made by the uprooting of 
trees are healed, the vertical as well aa the horizontal relationship of 
surface material will have been altered, for a part of that which was 
before at the surface may now be buried. So, also, when the roots 
of plants decay, the spaces vacated may be in part filled with 
material which has descended from the top, so that what was once 
Bur&ice material may come to be deeply buried. Beeidnary earths 
in any given locality may therefore be made np of materials of dif- 
ferent sorts, brought together, though not usually from great dis- 
tances, by various means. 

A diversity of material is sometimes brought about by contribu- 
tions from various layers of rock in vertical succession. A stratum 
of rock which has entirely disappeared as a solid layer, may have 
left a residuum which may be mingled with she residuum from a 
lower layer now being disintegrated. By vertical descent, as well 
as by lateral shifting, therefore, residuary material may come to be 
somewhat heterogeneous in character. 

11. MXSCBLLAHEOUS TYPES OF DRIFT. 

Gravel, sand or other sorts of loose material, with the origin of 
which neither ice nor wind had anything to do, may be found upon 
the sur&ce. Elvers bring down from their upper courses such 
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materials aa there exist, and spread them along their valley bottoms 
further down stream (alluvial plains). Eivers sometimes shift their 
coursee. The origin of materials scattered over the surface along 
the abandoned course of a stream or along the former course of an 
extinct stream might not now be evident. Such materials would 
not be classed as alluvial. To such materials the term drijt is not 
inapplicable. So too, the temporary submergence of a given area 
might be the occasion of deposition of gravel, sand or other material 
upon it. If subsequently this origin were made obscure, as might 
be, the material might be called drift, since it appears to have been 
drifted in from some other source, to its present position. While, 
therefore, the term drift in the northern United Statea is commonly 
understood to mean glacial drift, the same term is sometimes used to 
denote other formations as well. In this event some qualifying term 
is usually prefixed. 

Oriieria of Discrimination, 

Where ideally developed, there is little di£Soulty in discriminating 
between ground moraine, terminal moraine, kame, esker, sand plain, 
&c. But when it is remembered that each type of drift may pass 
over into each other type by all degrees of gradation, either laterally 
or vertically or both, it will be seen that there are great difficulties 
in the way of sharp and accurate definition. A map must be defi- 
nite. The drift formations are not always so. The areas of grada- 
tion and mixture of types are bo many and ao ill-defined that the 
types cannot always be sharply differentiated. In their delineation 
upon maps, absolute accuracy as to details would be impossible on a 
map on any scale which it would be practicable to use — probably on 
any scale whatsoever. 

Were there everywhere sufficient exposures of the drift, or were 
there at sufficiently frequent intervals sufficient exposares of the 
drift, its real nature might be everywhere accurately determined, 
even if it were not possible to represent all the details on a map. 
But it frequently happens that over- wide areas there are no ex- 
posares, or only very meager ones, and that their testimony is con- 
tradictory or equivocal. In such cases we are compelled to decide 
between the several types of drift by other means. The expedients 
resorted to, and the means made use of, are various. 

Topography is a good index of the nature of the drift. Till often 
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has a topogrspliy more or less distiDCliTe. Od the baflis of topog* 
raphy, till may geoerally be separated from bames, eskers and ter- 
minal moraiaes, and even from overwash plains; bnt it would often 
be very difficult to differentiate till from certain unclassified sand 
and gravel areas, on the basis of its topography. Topography alone 
is often an unsatisfactory criterion, and it generally happens that 
the criterion fails in just the areas where it is most needed. That 
this should be so is probably the result of the fact that the areas 
where other criteria fail, are areas where no type of drift exists iu 
its simplicity. They are probably the areas where the diSerenb 
phases of drift are much commingled. 

Where there are no exposures, and where the topography is inde- 
cisive, vegetation sometimes serves as an index, though never a 
satisfactory one, of the nature of the subsoil. 

The various phases of drift sustain certain more or less well- 
defined relatione to each other. Where neither exposures, nor 
topography, nor vegetation, nor all combined seem conclusive, the 
asBociations of the uncertain areas may afford some clue as to their 
probable nature. 

In addition to these criteria, the testimony of those who have 
made excavations in the drift is often sought. Such testimony some- 
times affords satisfactory evidence, but it is often far from satisfac- 
tory. It might seem at first thought an easy matter to distinguish 
between gravel and sand on the one hand, and till, which is usually 
clayey and tough, on the other. And so it would be if each type 
always preserved its ideal character; but since it does not, and since 
there are all possible gradations between them, it is often difficult to 
tell from small excavations, such as borings, whether the material 
belongs to the one category or to the other. Especially is this the 
case where the excavations were made years since, as most of them 
were, by men who paid little attention to these questions, and who 
have forgotten much of the little they did observe. It will be seen 
that reliable data are hardly to be obtained by this means. Then, 
too, what one man calls gravel, another calls hard-pan, and vice 
versa. In many regions the whole bed of drift is called gravel. 
The till of many regions is gravelly; so much so that its real origin 
would be manifest only to him who examined it with this especial 
purpose in view. 

Even when all these means are made use of, the results are often 
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not deciaive. The dififerent liaes of evidence are eo obscure, or, for 
one reason or another, ao unsatisfactory and inconcluBire, as to afford 
no more than an insecure basis for conclusions, and it not infre- 
quently happens that the different lines of evidence seem to point to 
different conclusions. With all available means of diacrimination, 
there still remain considerable areas whose real nature ia in doubt. 
It would be better to map auch areas aa uoclaaaified drift, and in the 
future thia will bo done. The need for recognizing auch a class of 
drift waa not appreciated at the outaet, and the attempt wa? made to 
put everything into one class or another. Thia was done on alendfr 
evidence, when only alender evidence was at hand. 



id by Google 



ANNUAL REPORT OF 



SECTION II. 

TILL. 

Probably do other pbaee of the drift is capable of assuming more 
diverse phases than the till. Oae soured of diversity ia variation in 
the character of the underlying rock ; a second ia the ever-varying 
topography of the country affected by the drift; a third is the 
diverse origin of the till, as subglacial or superglacial ; and a fourth is 
the extent to which its nature was altered by the action of water at 
the time of its deposition. 

Superglaoial UU. — In the Highland region of New Jersey, where 
the underlying rocks are crystalline schists and gneisses, and where 
the preglacial topography was rough, in many places even mouu- 
tainous, the till is sometimes thin and locally largely composed of 
bowlders. Several causes conspire to produce this result. The 
character and condition of the rock was such as to give rise to 
abundant bowlders. The topography was such that the finer pro- 
ducts of rock disintegration were largely removed by sabaerial erosion 
before the invasion of the ice, so that the latter worked upon a rough 
surface generonsly strewn with loose blocks of rock, and capable of 
yielding many more under the rough mecbanical action of the ice. 
The steep gradients made the action of the glacial waters vigorooa, 
one result of which was the removal of much of the finer material 
which the ice itself might have produced, thus increasing the propor- 
tion of coarse material in the deposits actually left upon the surface 
by the ice. 

In such regions there are frequent exposures of rock. Where the 
till is present bnt thin, and composed mainly of angular bowlders, it 
is not impossibly mainly of superglaoial origin. Especially may this 
be true upon the steeper slopes of mountainous regions, where sub- 
glacial waters were probably most effective in removing such fine 
materials as might otherwise have accumulated beneath the ice. That 
the material in some such situations is in part superglacial seems to 
be indicated by its lack of compactness, and by the angular and 
unworn character of its bowlders, even where it rests on rock which 
is scored and polished in true glacial style. Till of this loose, 
bowldery type, often indeed composed of little but unworn bowlders, 
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is not commoQ in New Jersey outside the areas of crystalline 
rocks and rough topography. Within these areas it is much less 
prevalent, even at the Bur&ce, than subglacial till. Nowhere has it 
been observed to attain any considerable depth. 

It is frequently true that a thin layer of till, neither demonstrably 
subglacial nor superglacial, overlies a greater depth of drift which ia 
clearly subglacial. Where the thickness of this surface layer is so 
slight that it does not exceed the depth to which weathering may 
have loosened the surface of the subglacial till, and this is generally 
the fact, it has generally been regarded as probably of subglacial 
origin, unless something in its constitution or relationship makes 
another interpretation more rational. But in any case, the amount 
of Buperglaci^ till does not seem to have been great, even in the 
regions of great relief, where Its amount might be expected to be 
greatest. 

Subglacial till. — In contrast with this loose type of drift is the 
demonstrably subglacial till which covers most of the area where the 
drift overlying the crystalline rocks ia till. In some localities within 
this area the till has been so thoroughly compacted as to give ,it 
almost the appearance of indurated rock. Locally, it has the aspect 
of a half-formed conglomerate. It is probably the angular and 
irregular form of the coarser particles imbedded in the clayey matrix, 
rather than incipient cementation, which helps to bind the whole so 
firmly together. In some such instances the till is much less com- 
pletely indurated that it appears. While a section of it may stand 
with nearly vertical &ce, and while that face may be so bard that 
trowel or spade makes little impression upon, it, a block of the 
material, if by any means detached from the section, breaks or 
cmmbles easily. Nowhere is this brittle, semi-indurated type of 
tilt better exhibited than in the railway cuts just south of Allendale, 
in Bergen county ; but the type of till here represented is of com- 
mon occurrence throughout the crystalline schist area. 

In addition to its compactness, the till here exhibits, to a marked 
degree, the peculiar foliation so characteristic of mnoh subglacial 
and firmly-compacted till. This foliation, which is never developed 
in superglacial till, is doubtless the result of the pressure to which 
the ice subjected the material beneath it, and is roughly comparable 
with the structure which affects crystalline schists. This cor- 
respondence concerns both the development of the schistoeity or foli- 
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atioD, and the results of this development. Under the great pres- 
sure of the ice, the individaal particles of the drift tended to bo 
arrange themselves that their longest diameters were at right angles 
to the direction of pressara — that is, in a horizontal plane. The 
result is an imperfect, somewhat irregular bat more or less horisontal 
cleavage, similar in kind, and sometimes in degree, to the cleavage 
of crystalline schists. 

Vertical pressure tended to compress the yielding parts of the 
drift (the clayey portions] and to render them more compact. 
Wherever pebbles or larger pieces of hard roclc ooonrred in the clay 
they more BuccesBfuUy resisted the pressure of the ioe. Thanhs to 
their unyielding nature, the clay immediately surrounding them was 
subject to less pressure than that at greater distances, so that folia* 
tion or cleava^ planes failed of distinct development immediately 
about resistant stones and bowlders. The cleavsge planes developed 
at a little distance beyond the range of the protecting influence of a 
given bowlder, may frequently be observed to bend up over it on the 
upper side and down beneath it on the lower, while laterally on all 
sides of the bowlder the cleavage structure fails of development for 
a short distance. Large and small stones produce effects similar in 
kind but different in degree. Corresponding appearances are often 
observable in those gneisses and crystalline schists in which resistant 
pebbles or crystals existed at the time of the development of the 
schistosity. 

There is no surer mark of subglacial till than this foliated struc- 
ture. Any till in which it is developed is unqnestionably referred to 
a subglacial origin. . As a positive criterion, we believe it well-nigh 
infallible. As a negative criterion, it is worthless, since much sub* 
glacial till does not possess it. It would not be developed, for 
example, in till of which sand or gravel or stony material was the 
principal constituent. 



Diagram representing borizontal foliktioo io aubglsclal till. Tbe lines of foUalion ara some- 
ntiat irregular and discontinuous, and are often beat at the upper aad loirei surfaae of the 
bonlders. All trace of faliaClou has disappeared ftom the auiface to Ibe depth to which 
weatherlug 1> etTectlre. 
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Dependence of till on underlying rock. — Till is generally de- 
pendent to a tai^ degree on the nature of the underlying rock. 
Within the area of crystalline BchietB, the till is composed almost 
wholly of this rock. The proportion of foreign material is, in most 
places, sarprisingly small. Many a drift cut does not ahow above 
five per cent of material which might not have been derived from 
the immediately subjacent rock terrane, and sometimes th» propor- 
tion runs down to one per cent or even less. Where the subjacent 
terrane is of great extent, the material of the drift may be less 
strictly local than it seems. But the fact still remains that the great 
bulk of the glacial drift has not been transported any considerable 
distance, a fact which in itself argues strongly gainst the super- 
glacial origin of any considerable proportion of it. 

KK competed inainly of gneiiiie material. — Much of the drift 
within the crystalline acbiat area has not yet been studied in detail, 
bat most of the area between the Saddle and Bamapo rivers is 
covered with till of gneissic origin, as also the area between the 
Saddle and the Wanaque. Aside from the railway cuts aoath of 
Allendale, already quoted, this type of till is wall exposed west of 
Mahwah, and at varions road cute in the area between the New 
York, Lake Erie and Western railway and the Saddle river, north 
of Allendale. Better than any other type of till, it shows both the 
foliation and the exceptional compactness already referred to. 

Drift eompoaed mairdy of TWeum shalea and sandstontB. — So 
Boon as the orystalline schist area is passed in coming sonthward, 
the character of the till changes promptly. Instead of drift com- 
posed of crystalline schist materials, more or tees comminuted, the 
till at once becomes more dayey, the matrix being no longer derived 
mainly from the rocks of the crystalline schist series, but from the 
rocks which He beyond, generally the Triasaic shales and sandstones. 
The promptness and extent of this change, sometimes affecting the 
drift to its very surface, seems to constitute good additional evi- 
dence, closely related to but not identical with that just mentioned, 
against the universal, or anything like universal, presence of a large 
amount of euperglacial drift. Bowlders of the crystalline rocks are 
by no means wanting south of the crystalline schist area, and may 
even be the predominant bowlders for miles south of its border. 
Bat they no longer constitute the principal element of the drift, and 
are asaaUy imbedded in a matrix which has a more local origin. 



id by Google 



54 ANNUAL REPORT OP 

That the TriaBsic shales and aandstoneB gave origin to fewer bowl- 
ders aod yielded more earthy material, is because they are more 
easily cruBhed and reduced to a fine state of division. That this la 
the true meaning of the variation in the character of the till is 
farther shown by the fact that it is more clayey where the under- 
lying rock is shale, and more sandy where it is sandstone. 

In the early history of glacial geology in northeastern New Jer- 
sey, it was customary to speak of " red-shale drift " in distinction 
from the "yellow-gravel drift." This early nomenclature expreesee 
a &ct which is obtrusive enough in the southeastern part of the 
region covered by the drift of the moraine period. But the desig- 
nation " red-shale drift," which was applied only locally, would not 
be applicable to any area north of the red-shale country.- The name 
is most appropriate when applied to the glacial drift of the TrisAsic 
area, as indicating the extent to which the red shale contributes to 
the drift where it lb the subjacent rock. In the way in which the 
term was originally used it is significant, since the outermoat border 
of the last glacial' drift in the eastern part of the State is uniformly 
red, while much of the gravel beyond, which was designated " yellow- 
gravel drift," has, aa the name implies, almost no material derived 
from the red-shale formation. 

In mf^iy places within the Triassic shale area, osoally somewhat 
remote irom the crystalline schists, the till is often nearly free from 
bowlders and all forms of stony material The distant formations 
did not furnish the coarse material, and the formations close at hand 
are so aoft that detached masses failed to withstand the oroahing and 
grinding action to which they were subjected. No better example 
of this clayey, nearly stoneless till ia known than that which was 
exposed by an excavation in Chatham daring the summer of 1892. 
The till here ia little more than pulverized red shale, so finely com- 
minuted as to be of a clay-like consistency, with rarely a local or 
foreign bit of rock of more resistant nature. In such cases it is not 
rarely true that the bottom of the tUl is very stony, the stony ma- 
terial being no more than blocks of subjacent rock, merely loosened 
and slightly shifted from their original poaition. The blocks least 
moved are large and hardly worn or broken. Those whose abifting 
has been a few feet more, show more wear and disruption, and at no 
great distance they loae their integrity altogether. Sections of till 
of thia character, unmixed with large amounts of foreign material, 
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seem to give a roagb measure of the amount of traneportation the 
loose blocks of non-resistant shale or sandstone are capable of endur- 
ing, under the conditions of ice action, without redaction to sand or 
day. 

Till composed mainly of red shale or sandstone is exposed at 
various points in the ridge running eaat of north from Eutherford 
through Oorona to Haokenaack (Culver). It is also well shown at 
various points east and southeast of Faterson, in East Faterson along 
the north edge of the park, and along the west face of Faliaade 
ridge, especially in the area south of Kew Durham. Again, in the 
vicinity of Montclair (Feet), there are numerous roadway and rail* 
way cuts showing red-shale till. In Newark, especially in the 
western part of the city, there are good exposures of red-sandstone 
till. Till, likewise composed mainly of Triassic material, is exposed 
between Newark and Irvington (Feet). It ia well shown in the deep 
railway cut near Fanwood, northeast of Flaiofield, though this is 
within the terminal moraine belt. It overlies much of the clay dis- 
trict about Woodbridge, and is exposed in many places where pits 
have been opened. Most of the exposures above noted are so situated 
as to be more or less permanent. There are many minor exposures 
in numerous localities. Many temporary exposures not here men- 
tioned may be seen at any time. The localities mentioned are noted 
only for the purpose of giving localities when the types may be seen. 

IVttp tilL — Where the change in the subjacent terrane is £rom 
crystalline schist to trap instead of shale, the till is likewise abruptly 
changed, but with a very different result. The trap till is as dis- 
tinctive as the red-shale till. Grossing and recrossing the line 
marking the junction of different rock formations, one cannot fail to 
be impressed with the idea that eubglacial till is, on the whole, very 
sensitive to subjacent variations in the rock, and that the variation 
in the eubglacial till is little obscured by any snperglacial covering. 

Within the areas of trap rock there are many sections of till which 
show that the principal ingredients of the same are strictly local. 
The till here is often little more than a minghng of (1) the trap 
residuary earth already in existence when the ice invaded the region ; 
(2) the earthy products arising from the comminution of trap rock, 
some of which was already partially disintegrated when the till was 
made, and (3) the hard bowlders and blocks of trap. The solid 
bowlders are doubtless in some cases the firm cores of larger trap 
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maasee whose exteriors were disintegrated before the ice inv&sion, 
and in others the remoants of blocks quarried oat of the trap by 
the ice itself. This qaarrying action of the ice was probably ooo- 
fined, for the most part, to bosses, ledges, and abrupt faces of trap 
which preglacial erosion had developed, and against which the ice 
worked. 

Till derived mainly from trap is well exposed at Caldwell, along 
the road leading northeast from the depot (Feet). At most points 
where drift is exposed on the Palisade ridge, also, the trap type of 
till may be seen, 

AfiEAS WHERB TILL IB MIXED WITH OTHER TYPES OP DRIFT. 

There are many tracts of considerable extent in nortbeasteni 
New Jersey where the real nature of the drift is exceedingly com- 
plex, and where the glacial history must have been correspondingly 
complicated, though its various stages and factors have not been 
distinctly separated. Over a somewhat extensive area, lying north 
and east of Madison and Morristown, a thin but variable layer of 
till covers a great depth of gravel and sand. There are consider- 
able tracte where nearlj every excavation reaching a depth of several 
feet reveals gravel and sand so disposed as to show that water was 
the agent of its deposition. In some cases the topography of the 
drift seems to be controlled mainly by the topography of the gravel 
and sand beneath the coating of till. An instance in point is the 
rather level-topped ridge, about a mile in length, running south 
from a point a half mile west of Parsippany. Seen from the west, 
this ridge has the appearance of a spit. So clear does this interpre- 
tation eeem when the ridge is seen from a distance that one is sur- 
prised, on reaching it, to find it strewn with bowlders, and the gravel 
and sand buried, and often deeply buried, beneath till. There can 
be little doubt that the ridge itself owes its form to water deposition, 
and that the till coating is superficial only and of subsequent origin, 
and that it was spread upon the ridge without greatly modifying its 
topography. A similar relationship of stratified and unstratified 
drift affects a somewhat extensive area in this vicinity. Though not 
existing everywhere, it is characteristic of the region extending from 
Parsippany on the north, through Malapardis and Whippany to 
near Madison on the south, and to the Passaic river on the east. 
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Within this area the sand and gravel frequently come to the surface 
without a covering of till. Frequently, too, the till has 80 consider- 
able a depth bb to completely conceal the sand and gravel. 

Taking into account the total thickness of the drift, there is much 
more stratified than unatratified material throughout this area. 
While the latter is very often the surface member of the drift com- 
plex, it not infrequently re-appeare at lower levels, if information 
concerning deep borings may be relied upon. Such data, however, 
are liable to misinterpretation. For the most part, information now 
obtainable from wells and borings tells only whether the beds are 
composed principally of sand, gravel or clay, and beds composed 
mainly of any one of these ingredients may be stratified or unsttati- 
fied. Where sand and gravel predominate it is natural to infer 
that the material is probably stratified, and where the material is 
predominantly clayey, that it is till. But these inferences are not 
necessarily correct. For example, two miles southeast of Whippany, 
east of the Whippany river, in a cut in the road which crosses the 
Hanover triangulation hill, there is revealed a stratified clay which 
is manifestly not till, and of whose deposition glacier ice was not the 
agent. 

It is not impossible that in other situations the "stony clay," said 
to occur at varying depths from the eurfofe, and which in the 
absence of other evidence has been interpreted as probably till, 
really belongs to some other class of drift. Even the presence or 
absence of stones in buried clayey drift cannot he relied upon as a 
criterion for the identification of till, since the day above referred to 
is chai^;ed with concretions of lime carbonate, which are neither in- 
frequently nor improperly called stones, so that "a clay full of 
atones," even though demonstrably a part of the drift, is not neces- 
sarily till. 

It will be noted that these phenomena occur in the region in 
which the supposed Lake Passaic existed. If this lake had a real 
existence, the phenomena here noted are probably in some way 
connected with it. To this point reference will be made later. 

In many other regions till and stratified drift alternate with each 
other in thinner or thicker beds, in such wise as to make the refer- 
ence of the drift to any single type arbitrary. While it can be con- 
fidently asserted in many caaes that thia or that layer of the drift ia 
(he product of ice or of water, the surface layer may be quite dif- 
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ferent is origin from the main body of the drift, and it is the snrface 
layer only (say two or three feet) which can 1>e taken into account in 
mapping. In many parts of the State, even where the Burfaco layer 
of the drift ia till, the main hody of it is stratified. In the north- 
eastern part of the State, oateide the Highlands, it is safe to say that 
the stratified drift greatly exceeds in mass, if not in area, that which 
ia not stratified. 

One region where the till and the stratifi.ed drift are much 
mingled with each other, and in complex relationships, is found near 
the coast irom Newark southward to and beyond the lUhway river. 
The great quantities of stratified drift at the lover levels in this 
region, give point to the inquiry concerning the level of the sea at 
the time of the last drift deposition. As an o&et to the suggestion 
of lover land or higher sea afforded by the abandance of stratified 
drift at lov levels near the coast, we find in other regions, as at 
Sewaren and vicinity, typical, firm till, bearing no marks of wave- 
work or other indications that it was ever covered by the sea-vater, 
running dovn to the sea-level itself. The phenomena of the coast 
make it clear that the question of the attitude of the land relative to 
the sea daring the last glacial epoch ia not to be determined merely 
by the presence or absence of sand or till ^ong the coast at or above 
sea-lev^. 

TKU at sea-leod tm dttproqf of auimergence. — Some data drawn 
from various sources are at hand tonching the general question 
here alluded to, bnt they are not of a perfectly decisive char- 
acter. So far as yet ascertained, the indications that the ooast 
of the State was lower than now daring the last glacial epoch, 
and consequently that the sea was higher with reference to it, are 
much leas decisive and widespread than woald have been anticipated 
had this been the fact. Tet there are some things which are not 
readily accounted for on any other hypothesis. To them reference will 
be made later. But it may here be stated that we are not in a posi- 
tion to affirm unqualifiedly that the sea was, or was not, higher or 
lower than now, relative to the land, along the east coast of New 
Jersey, during the last glacial epoch, or that any change in their 
relations has taken place since that event. The solution of this 
question, until more decisive data than have yet been found reveal 
themselves, will be difficult. 

There is a considerable tract ia the vicinity of Bahway, eepeciEdly 
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to tlie nartheEist, east and eoutheaet, which Hea at a level of 
lees than forty feet above tide. It is, for the moat part, not 
covered with stratified drift. Its surface materials simulate till. 
Yet it is not normal till. It possesses certain characteristics which 
seem to suggest either that it was formed beneath water or that it 
has been beneath water since its formation, bat without Buffering 
extensive erosion, and without retaining any unequivocal evidence of 
its submergence. The drift here is, on the whole, more clayey and 
less stony than most till. It was formerly extensively used for the 
manufacture of brick, but the old pits, no longer worked, aflford no 
exposures, and excavations of any sort are now few. Wherever they 
occur the material exposed is of such a character as to seem to ally 
it with till rather than with any other recc^nized type of drift. 
Since the region is very low and flat, and in places ill-drained, it is 
possible that the features of the drift which have suggested a sub- 
aqueous origin, or a subsequent subaqueous modification, may be due 
to ill-drainage instead. So far as I have been able to learn, no shells 
or other fossil testimony of the presence of the sea have been found. 
The material of the drift is of such a nature that shells, once 
imbedded, would be likely to endure. Concerning the till-like drift 
of this region, we are not ready to state a final conclusion. 
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SECTION III. 

BXTRA-MORAINIC TILL AND ASSOCIATED DRIFT 
WHICH IS NOT TILL. 

At various pointe there are considerable areas of till and of 
material which appears to be till, altogether oatside the terminal 
moraine. This eztra-morainic till and till-like material has very 
TarioUB characters, and may not all have had the same history or be 
explicable in the same way. With it is associated more or less drift 
material which ia not till. From the theoretic standpoint, it is alto- 
gether possible that the ice of the laat glacial epoch locally, or even 
generally, advanoed beyond the position of the recognized terminal 
moraine before the latter was made, or that such advance took place 
now and then daring the time of the development of the moraine. 
In either event the eztra-morainic drift would be an appendage of 
the morfune, and referable to the same ice epoch. Likewise from 
the theoretic standpoint, there is the possibility that the eztra- 
morainic drift represents a remnant of a glacial deposit of an ice 
epoch antedating that during which the terminal moraine was made. 
In this event, it is in no way directly associated with the moraine in 
point of genesis. There is the farther theoretic possibility that the 
till-like eztra-morainic drift may not be strictly glacial, bat that it 
represents the work of water, or of water and icebergs, emanating 
from the ice of any glacial epoch, and transporting glacial debris 
beyond the limit of the glacier ice itself. There is the still further 
theoretic possibility that eztra-morainic surface materials may not 
be in reality drift, but only drift-like, and that they are of local 
origin, resnlting from the decomposition of local rock under such 
conditions as to leave a product so closely simulating drift aa to be 
mistaken for it. And lastly it is conceivable that this eztra-morainic 
dri^ may be the work of water in no way connected with the ice of 
any glacial epoch. In this case it may properly be called drift, but 
not glacial drift. 

To which of these possible origins the eztra-morainic drift is to be 
assigned can only be determined by a dUcriminating stady of its 
structure, its chemical, physical and lithological constitution, and of 
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its (geographic, geologic, and topographic diBtribatioa aad relatioos. 
When the whole area oatside the mor^ne haa been studied in detail, 
it is not impossible that there will have been found drift, or surface 
material resembling drift, referable to all the genetic classeB here 
enumerated. At least until the whole area concerned has been 
critically studied, we have no warrant for referring the whole of the 
extra-morainic drift to any one, or to any limited number of the 
above catteries. Certain of these extra-morainic deposits may, 
and we believe do, poesess inherent characteristics demoastrative of 
their origin. But this is not^true of all of them. 



Criteria for Diferentiation. 

If the extra-morainic drift be glacial and the product of the last 
ice-sheet, it should stand iS definite geographic relationship to the 
moraine. It should border its exterior for a limited distance, though 
not necessarily everywhere. It« border should be fairly well defined, 
since subsequent erosion has been too slight to effect great changes. 
It should be extended further from the moraine is valleys and on 
lowlands, and to lesser distftuoes on ridges and uplands. It should 
contain inherent evidence of its glacier origin, in the presence of 
striated or glacially-shaped bowlders and rocb fragments, in its com- 
pactness, and in the unstratified structure of at least some part of it. 
It need not be aitc^etber unstratified, since here, as elsewhere, the 
water accompanying the ice might have been active. Its composi- 
tion, both physical and chemical, should be similar to that of the 
moraine close at hand, although not necessarily altc^ther identical 
with it. 

If the extra-morainic drift be the product of waters emanating 
from the ice ofthe last epoch, this genesis should be evident from its 
distribution, structure and composition. It should find Its ohiefest 
development along the lines of glacial drainage, and not on the hills 
and ridges along the ice border. Its maximum height at the border 
of the ice-sheet should never be greater than that of the moraine itself, 
and it should decline rapidly beyond (outside) the same. It should 
not be found covering hills and ridges separated from the moraine 
by depressions, even though these hills and ridges be lower than the 
moraine itself, for waters flowing &om glaciers cannot well carry 
gravel to the tops of even low isolated hills and ridges. In evaluat- 
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iag the teatimony of vertical distribution, due allowance should be 
made for possible postglacial changes of level. If the eztra*moraitiic 
drift be the product of glacial vaters, it should be stratified, aad 
stratified after the fiuhion of deposita known to be made iu this way. 
It shonld be composed of materials which might be derived from the 
adjacent moraine, and the drift associated with it. 

If the eztra-morainic drift be the product of an ice-sheet antedat- 
ing that which made the moraine, it shoaid poBsess, in its physical 
constitution, evidence of its glacial origin. If it antedated the later 
drift by a long interval, its chemical constitution should have been 
changed in such wise as the processes of weathering determine. Its 
original constitution need not have been identical with that of the 
newer drift, since the movement which produced it may have been 
from a different direction, or if from the same direction the ice may 
have worked upon formations which have since disappeared. If the 
eztra-morainic drift be referable to the ice of an earlier epoch, ite 
distribution need not be subject to the same limitations as if it be 
connected with the terminal moreune in time of origin. It need not 
be best developed near the moraine. It may cover hills and uplands, 
as well as valleys, outside the moraine. If erosion has been great 
since the deposition, it may be more prevalent on uplands than in 
valleys, for from valleys erosion would be most likely to have 
removed it. Likewise, its border might be difficult of d^nition by 
reason of the extensive erosion which may have taken place since its 
deposition. Its occnrrenoe in patches, isolated by erosion since its 
deposition, would be expected, if it be of great antiquity. 

If the eztra-morainic drift be the product of water connected with 
an earlier ice-sheet, its distribution must have been determined 
by the general principles of glacial drainage, applied to the topog- 
raphy existing at the time of its origin, and this may have been 
very different from the topography which obtained during the last 
glacial epoch. Its present distribution should differ from its original 
distribution in such ways as subsequent removal and re-distribution 
might determine. It should stand in definite geographic and topo- 
graphic relation to the old glacial drift with which it was associated 
in origin, if the latter were accessible and determinable. In its con- 
stitution it should stand in some definite relation to the earlier ice 
drift, a relation which could be determined if the corresponding 
glacier drift were recognized. 
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If the eztra-morainic drift be the product of vatera not in any 
way connected with the glacial epoch, its original dietribation would 
have had some definite relation to topi^aphy, and its present distri- 
bution would be the reealt of snbaeqnent removal and re-diatribution. 
The material shoald bear in its structure the marka of ita aqueous, 
verms glacial, origin. It should be free from glaciated atonea, and 
those other diatinctive features which are the marka of glacier work. 
It need not stand in any definite relation, areally or topographically, 
to any body of glacial drift. If its antiquity be great, its distribu- 
tion might be measurably independent of present topography. 

If the eztra-morainic drift be reaidnal, and, therefore, not drift at 
all in the usual senae of the term, it should be made up of local 
materials only — that is, of such materials as the underlying rock 
could furniah, together with such materials as could be furnished by 
strata, which once covered the region, but which have now diaap- 
peared, and of such further materials as might be brought together 
by all the various movements of surface materials which are iuci- 
dent to differential degradation. It should not be stratifiect; it 
should not possess glacially-shaped or glacially-atriated bowlders or 
rock-bite, though the softer fragments might be covered with such 
irr^olar markings as might result from creep and other movements 
of sur&ce materials down slopes. It should not contain an abund- 
ance of well water-worn stone, unless, indeed, one of the contribut- 
ing formations be conglomerate, which might furnish water-worn 
pebblea as a residual element. Its distribution should be such aa 
might be accounted for by thia method of origin. It should not 
cover hill-tops or the crests of ridges to any great depth, and should 
be less abundant on level-topped plateaus than on areas where sur- 
!ace movemeut would favor its accumulation. It should be found 
especially on the lower slopes and at the bases of elevations, existent 
or extinct, which could have supplied the materials of which it is 
composed. 

AretU dittrihution of extra-morainic drift. — Considerable bodies 
of eztra-morainic drift, poaaessing the inherent characteristics of 
drift of glacier origin, are known to occur at various points in New 
Jersey. They probably occur at some points not yet known. From 
a point a little north of Morris Plains, nortwestward to Dover and 
beyond, eztra-moraiuic drift has a considerable development. In a 
general way, its development id better near the moraine and more 
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meager at points more distant from it. Taken by itself, this feature 
of its distribution woald seem to be conaistent witb the hypotbeBis 
that it is the deposit of the moraine-producing ice-sheet, at some 
time when it made a temporary advance beyond the position which 
it occupied while the moraine was making. So far as its geograph- 
ical distribution ia concerned, this part of the eztra-morainic drift 
might be referred to the moraine epoch. 

Its conatitution is indeed somewhat aoHke that of the morune, 
but so far as the drift of the locality mentioned is soncemed, these 
differences might conceivably be explained on the ground that the 
extreme marginal deposits of the ice, made during the time of its 
greatest and perhaps earliest advance, would be made up more 
largely than later deposits of materials already deeply weathered 
and disintegrated. The presence of occasional bowlders of &esh 
aspect in the eztra-morainic drift of the region cited lends color to 
this view, though such bowlders are generally of non-decomposable 
material. On the other band, this suggestion iovolvea the difficulty 
that -the marginal deposits of any ice-sheet, where the relation- 
ships are unequivocal, have nowhere been observed to be notably 
more weathered and decomposed than the material further back 
from the margin. 

Within the general region designated above, it frequently happens 
that considerable bodies of drift occur at points more distant from 
the moraine, and that such areas are completely separated both from 
each other and from the moraine. Moreover, the isolated areas are 
sometimes situated so as to make it seem well-nigh or altogether 
certain that their separation is the result of the subaerial erosion 
which has taken place since the drift was deposited, indicating fbr 
the extra-morainic drift an amount, and therefore a period of erosion, 
much greater than that which has affected the moraine and the ter- 
ritory north of it. 

More or leas isolated areas of eztra-morainic drift, sometimes 
large and sometimes small, occur just west of High Bridge,* exposed 
in railway cuts; just east of Fattenburg, likewise exposed in railway 

* Id m; report for 1891, I did ProfesBor Cook acant jiialice, in discussing the exUit- 
morsinic drift of Nev Jersej. I have since foand that in his report for 1880 (p. 83), 
be refers to the drift at High Bridge and Patlenhurg, although he did not interpret 
the drift as glacial. The report Ut which reference is here made has hut just come 
into mj possession. 
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cats ; two milee and more DOrtb and northwest of Somerville, exposdd 
at Tarioos .points along the road skirting the southwest &ice of the 
trap-ridge ; at various points a few miles south of Bock&way, iu the 
vicinity of Shongum, Union and Franklin; an area north of Mend- 
ham, both east and weet of the village, best exposed at old quarries 
two milee or so south of west of the village, and in various gullies and 
excavations ; in the vicinity of Bemardaville and Basking Kidge, ex- 
posed in railway outs and pits (not all till-like) ; the four hundred 
and eighty-five-foot hill northwest of Kew Vernon (not till-like) ; an 
area two miles or so west and northwest of Liberty Oomers (in part 
till-like) ; on Schooley's Mountain four miles south of Haokettstowa 
(Kummel) ; south of Bockport, fonr miles southwest of Hacketts- 
towQ ; near Fort Murray, especially south and southwest; a mile or 
so south of White House station (^gbt or nine miles north of west of 
Somerville) (Whitaon) ; and two miles northwest of Httstown (nine 
miles northwest of Flemington) (Whitson). Numerous other locali- 
ties might be mentioned, but these will suffice for our present pur- 
pose^ Some of these localities are nearly twenty miles from the 
moraine, while others are less distant. 

There are other extensive areas of extra-morainic drift east of 
PhiUipsborg, in the vicinity of Carpentersville, and thence northeast- 
ward to Washington, and at many points in this same general 
region ; but the boundaries of these areas have not been defined. It 
is not yet known to what extent the various localities where it has 
been observed are connected, and to what extent they are isolated. 

The areal distribution of this extra-morainio drift does not seem 
consistent with the hypothesis of its contemporaneity, or approxi- 
mate contemporaneity with the moraine, whether it be the product 
of ice action directly, or whether it be the product of waters pro- 
duced by the melting of the ice. No such general or widespread 
isolation of drift areas is known to occur within the area of last 
glacial drift in New Jersey or elsewhere. But because some areas 
of extra-moraioio drift are not referable to the moraine epoch, it does 
not follow that none are. The possibility that some extra-morainic 
till is of last glacial age is distinctly recognised. This may very 
possibly be true of some of the drift immediately outside the moruna 
in the vimnity of Tabor, and perhaps elsewhere. 

JbpojrropAic dUtribution of extra-morainie drift. — Again, the 
extra-morainic drift is sometimes found several hundred feet above 
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the moraine dose at hand. This is troe at varioos pointa soath of 
Sockaway. The drift is not often found in great qoaotities at these 
elevations, bat some of it is of very ooarse materiala. The same is 
trne at Tarioos localitifis farther west, in the r^on aboat Wash- 
ington, HackettatovD and Fhillipeburg. If this represent the 
TTork of the ice which made the moraine, the same most have ad- 
vanced beyond the moraine with such strength as to override the 
elevations where the drift oconra. To do this would have required 
so great a thickaeas of ice outside the moraine that it must needs 
have advanced great distances on the lower lands between the eleva- 
UooB where the drift occurs. But of such extensions of tiie ice on 
the lower lands between the elevations on which the drift oocurs, 
we find, in many localities, no evidence. On the other hand, the 
lower lands are, on the whole, lew likely than the higher to posMss 
the drift, though they must have been covered by more ice and for 
a longer period of time, if the drift be the product of the moraine- 
producing ioe-sheet. The topographic distribution of much of this 
eztra-morainio drift, therefore, does not seem to be explicable on the 
hypothesis of its formation by the sheet of ice wlUoh made the 
moraine. 

It will be readily seen that the distribution of that part of the 
extra-morainio drift, which is higher than the moraine, is not refsr- 
able to the waters of the last glacial epoch. Even if poBt-gladal 
warping of the surface be invoked, it could not explain the position 
of that extra-morainic drift which is higher, by hundreds of feet, 
than the moraine doee at hand, if the former were the work of 
glacial waten operating during the moraine epoch. 

Mueh of the extra-morainie drift antedatei the Itut glaeial 
epoch. — Some of the extra-morainio drift occurs in isolated patdiea 
which seem certainly to have been separated from each other by 
erosion subseqaeiit to their depoaition. Some of it lies at altitudes 
considerably above the immediately adjacent moraine, the interven- 
ing lower areas being free from drift. It would therefore seem that 
the geographic and topc^aphio distribntion of moet of the eztra- 
morainio drift does not leave open to doobt the conclusion that it 
was not deposited by the ice of the moraine-prodacii^ epoch, or by 
waters emanating from it. And since it does not seem possible that 
the drift ooold have originated since the last glacial epooh, it seems 
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certain that those parts of it which have the distribntion above 
noted moBt be aasigned to a date earlier than the last glacial epoch. 

The oocurrenoe of drift in the poeitiona described would not be 
inooosiatent with the hypothesis of ila gla<ual origin daring an epoch 
antedating that of the moraine, or with the hypothesis "that it is 
residuary material resalting from rock decay. Neither ia it inoon- 
sistent with the hypothesis that the drift is the prodaot of aqneooa 
agencies, operating at some time antecedent to the last gladal epoch. 
Bat if this be its origin, it must needs have been at a date antedat- 
ing the glacial epoch by a very long interval of time, during which 
an enormooB amount of erosion was accomplished and the topography 
profoundly altered thereby. On no other basis could its distribution 
be explained, if it be of aqueous origin. Between these various 
categories of drift it should be possible to decide. 

The extra-morainie drift not reiidvai Toaterial. — That the 
material which has been called drift is not residual, ia so evident that 
the question does not need discussion. In moat of the localities men- 
tioned it oontains many varieties of rock of very diverse origin, 
which could not have been furnished by any strata known to have 
covered the region where it occurs, or which can reasonably be sup- 
posed to have done so. The drift often covers those points from 
which, raUier than to which, residual materials would have been 
moved. Its constituent materials are sometimes glacially striated, 
and the drift itself is sometimes distinctly stratified, both of which 
features would be impossible if the materials were residuary. This 
point may be passed without farther remark, except to note that 
reuduary materials which may bear some likeness to drift doubtless 
occur at various points. It is not these socumulations to which 
reference is here made. 

M^ra-morainie dri^, in part at leatt, eonneeted wt£& an earUer 
iee epoeh. — In the character of the extra-morainic drift we find in- 
herent evidence that it is, in part at least, glacial. This is true, 
both of those parts which, so far as position is concerned, might 
belong to the moraine epoch, and of those parts which cannot. At 
the High Bridge, Fattenburg, Somerville, Shongum and Liberty 
Comers localities, and at various pointe about Hackettstown, Wash- 
ington, Carpentersrille, &o., glacially-striated materials have beea 
found. They are abundant at some of these localities, though not at 
all. Some doubtful speoimenB only of striated stones were found near 
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Bernardenlle, and none at Basking Bidge or New Vernon. The 
presence of glaciaUy-striated materiala at the variooB pointB men- 
tioned indicates at least the proximity of ice when the deposita were 
made. The strnctnre of the depoeita ia such as to indicate that 
water was not the aole agent of depositdoa. We must therefore 
asoribe them to gladers or to bei^ ice. 

Since the are&l and topographical distribotion of much of the drift 
containing glaciated stones forbids its reference to the last glacial 
epoch, we are led to believe that it had its origiQ dnring an earlier 
glacial epoch, whether it be the product of glaciers directly or of ice- 
bergs. Be it here anderstood that what is here said does not apply 
to all eztra-morainic drift, but only to parts of it. Most of the drift 
near New Vernon and Basking Bidge, and some at other points, is 
not regarded as glacial, and locally some eztra-morainic drift is per- 
haps to be connected with the moraine. 

Farther we find inherent evidence supporting the condosion, based 
on its geographic and topographic distribution, that the eztra-morainic 
drift cannot all be the work of the moraine-producing ice-sheet, and 
therefore that it represents, or that a part of it at least represents, the 
remnant of an older sheet of glacial or iceberg drift. This evidence is 
based on the chemical and physical condition of the drift itself. Its 
whole expression is that of a^. It is deeply oxidized, both aa 
regards intensity and distance from the surface. The rock frag- 
ments which compose it hare been so far leached of their soluble 
constituents that many of them have crumbled to powder, or are 
ready to do so, so soon as subjected to movement or the least mechan- 
ical pressure. Many fragments which had little to lose by leaching 
have lost their integrity by the continned operation of the various 
processes of weathering. The hard sandstones and quartzitee only 
have commonly preserved their integrity, and appear to be as solid 
as when first deposited in the drift. But even the quartzite and 
sandstone bowlders often show a surface alteration, which, though 
not of the nature of disintegration, testifies to their long ezpoaure 
in their present form. 

The changes here referred to are various. Two of the more 
obtrusive ones are surface changes of color and of hardness. The 
light-colored sandstones hare commonly a thin sorface layer which 
ia essentially quartzitic in its nature. The restriction of this hardened 
portion to the surface of the stones clearly points to its production 
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aabaequent to the time when the stone affected, aeBamed its preaeot 
form. The change in color often accompanies the hardening. While 
the interior is whitish, or at least very light, the exterior is com- 
monly darker in color, as if its iron content were greater or more 
highly oxidized. Since the coloration is on the exterior only, and 
concentric with the aar&ce, it was probably produced after the stone 
had its present form. The pnrple Bandstones, quartzitea and con- 
glomerates do not show the color change to so great an extent as the 
lighter sandstones, while the surface-hardening is also leas commonly, 
and lees perfectly developed. The surface changes here noted may 
not have developed entirely since the deposits now containing the 
stones exhibiting them were made. They may have affected the 
stonee before they became a oonatitaent of the drift. In some in- 
stances, at any rate, this ia probably the fact. In thia case they do 
not serve as an index of the age of the drift containing them. Bat 
apart from this particular, the physical and chemical condition of 
mach of the extra-morainic glacial drift constitutes what we hold to 
he condusive evidence of its great age. 

It does not at all do away with the force of the point here made 
to urge that the material was deposited in a weathered and oxidized 
condition. In many instances it was demonstrably not so deposited, 
and the weathering is of later date. The evidence of thia is the 
decomposed and fragile condition of masses and bits of rock whioh 
bear upon their outer sur&cee indubitable evidences of rough mechan- 
ical action. The moraine and the drift area within it do not contain 
oorreaponding materials. The two typee of drift, the morainio and 
intra-morainic on the one hand, and much of the extra-morainio on 
the other, are so radically unlike, physically and chemically, that it 
ia not easy to avoid the recognition of their distinctness. 

The conatitntion of the extra-morainic drift gives independent 
reason for believing that its origin is to be assigned to a date con- 
siderably antedating that of the moraine-forming ice-aheet. In 
many caaea, it containa rock materials somewhat unlike those of the 
moraine and the drift north of it. The difference ia often one of 
proportiona, rather than of kind. Especially does thia seem to 
he true of the abundant sandstone and quartzite constituents of the 
extra-morainic drift. Some of the bowldera and cobblea of these 
materiala give evidence of having been in the form of bowlders and 
Qohbloa before th^ became a part of the glaaal drift. Before they 
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became a part of tke drift, they aeem to have been part of a gravel 
fonaation, rather than part of a oonglomerate, eince they give no 
evidence of having been oemeated together. A rational interpreta- 
tion of theee facts would seem to be that the gravel formation irhich 
contributed them was moch more extensively developed when the 
earlier drift was deposited than when the later was formed. This 
would mean a long interval between the formation of the earlier .and 
later drift-eheetB, daring which subaerial erosion removed mach of 
the gravel, and of the drift of the earlier epoch. 

Perhaps none of the &ct8 mentioned are necessarily fatal to the 
hypothesis that the drift in questiOB is the product of water accom- 
panied by icebergs, originating from the ice of eome earlier glacial 
epoch, rather than the prodoot of the ioe-sheet itself. Deposits of 
such a geneais might be as old as those made by the glacier ice of 
the same epoch, and might contain the same materials, in a similar 
physical and chemical condition. If this be the origin of the drift, 
it is necessary to suppose that very profound topographic chaogee 
have taken place since its deposition ; more profound than it is 
necessary to suppose if glacaer ice did the work direcUy, more 
profound than there ia independent reaaon for believing have 
occurred. Furthermore, in the strnctore of some of the drift, 
there is direct evidence, in the absence of stratification in thick beds 
of drift containing glaciated stones and in the displacement of sab- 
jacent shales, that ice and not water was the agent of deposition. 
On the other hand, no striae on bed rock have heeii found oateide the 
moraine, and, in general, the eztra-morainic surface escaped profound 
wear, or has since been so far altered as to obliterate its effects. 
The areas where strisa are most likely to be found have not yet been 
studied in detail, and future work may show them to be present. 
If topographic changes have been so great since the deposition of the 
drift as its distribution would seem to warrant us in believing, the 
time has been quite sufficient for the obliteration of any strise whi<di 
might have been made, except they were formed in positions and 
relations exceptionally favorable for their preservation. 

The areal and topographical distribution of much of the eztra- 
morainio drift, its physical and chemical condition, its physical 
and lithological constitution, its structure and relationships, point 
to a glacial origin, antedating by a long measure of time the 
drift whose approximate if not exact border is the terminal moraine. 
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It 18 not easy to eee bow tlie two types of drift can be miatakea the 
one for tbe other. 

SeatUred bovildert. — Apart from tbe areas where there Is a oon- 
eiderable body of drift outside tbe moraine, scattered bowlders have 
a macb wider distribation. In many cases they may be parts of a 
considerable bed of drift whose existence is not revealed becaose of 
lack of exposures. Erratic bowlders, which are drift of one sort or 
another (i. «. they are not indigenonB), occur sparidgly over a large 
area and within restricted areas at all altitudes. In the hilly and 
almost mouutainons crystalline schist area southwest of Morristown, 
bowlders of sandstone and quartzil« are present, though not abun- 
dantly, up to altitudes of more than 700 feet — that is, fully 300 feet 
higher than the moraine in the immediate vicinity. They have never 
been seen on the tops of tbe highest hills, but they have been seen 
on the BommitB of broader areas but little below tbem. It ie doubt- 
ful if a square mile of tbe hilly region between the G-reat Swamp on 
tbe south and Dover on tbe north is altogether free from these 
bowlders, though they are so rare that they have not been seen on 
every square mile, even after all roads have been traversed, and 
frequently the territory between them. In the vicinity of Mount 
Freedom these foreign (drift) bowlders have been seen at elevations 
of nearly 1,000 feet, and a little farther to the northeast, on summits 
more than 1,000 feet high, and more than 400 feet above the crest 
of the moraine at its nearest point, only three or four miles distant. 
At various points along tbe trap ndges, and. between them, south- 
west of Chatham, isolated bowlders of gneiss and purple quartzite 
occur up to and on the crests of the ridges miles away from the 
moraine, and at heights considerably above it. 

Although it is not affirmed that the drift in all the places men- 
tioned is glacial, and it certainly is not all till, yet drift of one sort 
or another exists in all these places, and in all these places is to be 
accounted for. We are not now prepared to say to which of the 
several categories mentioned the drift of each locality belongs. But 
certain conclusions seem warranted, among them the following: (1) 
Some of the extra-morainic drift is the work of the water which 
accompanied the last ice-sheet, (Of this no mention is made in tbe 
foregoing pages, since there is no qnestion involved in itH origin 
about which studentB are not agreed.) (2) Some of the eztra- 
pkorainio drift is glacial. (3) Much of the ezira-morainic drift, 
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inctadiDg some th&t ooutaina gl&oiated material, and ia therefore 
directly or indirectly indebted to ice-work for ita origin, is so dia- 
poaed and conetitnted as to make ita reference to the moraiae- 
makiDg ice-sheet impossible; while (4) the origin of still other parts 
is a matter of donbt. Separate parts of it may fall into several of 
the variona claeaee mentioned on page 60. 
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SECTION IV. 
THE TERMINAL MORAINE. 

The terminal moraine was located with approximate accurate 
man; years since by Frofeesors Cook and Smock. Through their 
map, itB position has become well known. Recent work has 
not materially modified the resolte which were reached by these 
geolc^ts when glacial geology was in its in&ucy. The early map 
purported to give no more than the location of the outer border of 
the moraine, and not at all the inner border. The location of the 
inner border will be attempted on the maps now in preparation, but 
this limit must, of necessity, be more or less arbitrary at many 
points where the inner border of the mor^ne passes by impercepti- 
ble degrees into the ground moraine, or other phases of the drift 
lying within it. The representation of the inner border of the 
moraine upon the maps, thus defining the width of the moraine, will 
constitute the main change — or, perhaps better, the main addition — 
in the mapping of this part of the drift. 

One other modification will also appear. When the moraine was 
first traced oat and mapped, differentiation of the drift formations 
had gone less far than now, and the outer edge of the moraine was 
located along the line marking the limit of abundant drift manifestly 
connected with the great body of drift which lay to the north. Some 
of the material thus included in the moraine is to be referred to the 
work of water which carried drift beyond the border of the ice. In 
the new mapping, the outer border of the moraine belt will therefore 
be found a little inside the old position at a few points. This will 
be notably true in the vicinity of Morris Plains, and for some dis- 
tance to the south, where thick beds of gravel lie outside the 
moraine proper, though making but a narrow border to it.* 

Width of the moraine. — The width of the morainic belt varies 

*It is worthy of note that, though Profenors Cook and Smock had noted the 
eziatence of extnt-moraitiic drift, they did Dot coonect with the moruue anything 
which was not directly coonected with it in time of origin. Even at the time thej 
did thdr work on the drift, they recognized the fundamental difr«rance in kind 
between the drift of the moraine and that without it 
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greatly. In places it ie bnt a fraction of a mile in vidth, while in 
others it is several times as vide. Not infrequently there are more 
or lees detached areaa of drifl^ of morainio topography and oonatita- 
tioD which are hardly to be conaected with the main belt areally, 
bat which are yet similar to it in constitution and topography, and 
probably also in origin. Such areaa are net commonly tpr distant 
from the terminal moraine in poeition, and are really terminal 
moraioic in their aatnre. 

Competition of the terminal moraine. — On the whole, the ter- 
minal moraine is more gravelly and sandy in its composition thaji 
the ground moraine. This is doubtless the result of the co-operation 
of the water resulting from the melting of the ioe. This would be 
more effiactive at the margin of the ice than elsewhere. It would 
here have &eer opportunity than elsewhere to gather and carry away 
the fine materials, leaving the coarse, and it would here deposit much 
t£ the coarser part of the load which the ice had been able to carry 
to this point, either on or under itself. Much of the material 
incladed within the terminal morainio belt is, therefore, not the 
product prepared and deposited by the ioe acting alone. It is not all 
morainic in the strioteet sense of the term, though it is a part of the 
belt of drift accumulation marginal to the ice, and is, on this ground, 
included in the terminal morainio belt. Between Dover and Perth 
Amboy the morainio belt sometimes shows a large percentage of sand 
and gravel. This is particularly true of the streteh between Madi- 
son and Morris Plains, where sand or gravel pits have been opened 
at many points along the crest of the broad ridge r^arded as the 
moraine. It ia probable that the central mass of the ridge is often, 
if not always, of different material. But for one reason or another, 
water here seems to have modified the aoonmulation of drift marginal 
to the ice to a greater extent than in most places. Here we are 
within the area where the influence of Lake Passaic, if such a lake 
existed, would have been felt. On the other hand, the marginal 
accumulation of drift in the position of a terminal moraine may be 
largely of stratified material, as deposited by the ice and the waters 
issuing &om the margin, even where no standing body of water was 
present. The abundanoe of stratified material between Madison and 
Morris Hains, along the line of the morune, seems to be largely the 
result of original deposition, and not the result of subsequent modi- 
fication by the water of any lake which may have existed. 
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Topography avid topographic relations of the terminal moraxM. — 
The topographic phaees of the moraine are very various. In 
places it is very roagh, hillocki and hollows or iaterrapted ridges 
and trongha following each other in rapid BucceBeion and tnmalta- 
ons arrangement. Its relief is sometimes scores of feet within 
narrow geographic limits. The dapresBions inclosed by the elevsr 
tions are frequently marked by marshes, ponds and lakelets, 
wherever the material constituting their bottoms is sufficiently im- 
pervious to retain the water foiling and draining into them. These 
rough moraine features may be well seen along the line of the 
moraine east of Flainfield, especially from Oak Tree to Locust 
Grove,* Here its billowy snrface, with its rapidly-shifting curves, 
its numerous hillocks and kettle-like hollows is bo well developed as 
to make the surface fairly typical of strongly-developed terminal 
moraine topography. Where the moraine croesee the trap ridges 
□ear Summit, it has, locally, a Btrongly-aocented topography, bat the 
same is not continuous in its development. The moraine is again 
well developed, topographically, just east of Morristown, though 
not seen at its best along the high roads. In the vidnity of Bock- 
away, the moralnic topography is locally strong (Feet). This is trae 
two-thirds of a mile sonth of Moant Hope, and again a half mile 
north of Baokaway. Korth of Hackettstown, a mile north of 
Petersburg, and east of Townsbary (Kummel), the topography is 
also well displayed. It is also very rough at several points near 
Bnttzville. 

In other places the characteristic morainic features are more sab- 
dued, the billowy relief being far from bold. This is the general 
character of the belt throughout the stretch from the coast to Oak 
Tree. In other places the billowy topography is reduced to a mini- 
mam, or IB even wanting. The latter condition of things is gener- 
ally no more than local. In such situations the identification and 
mapping of the moraine is made largely on the basis of relations 
with other parts of the belt where the topography is more strongly 
and characteristically developed. Where the characteristio topog- 
raphy is wanting, the moraine is generally a belt where the drift is 
somewhat thicker than on either hand, and this thicker body of drift 

*See debuled topogn^bic nup of a small area of the terminal moraine southeast 
of Flainfield. Annual Beport for 1891, p. 84. 
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often ezpreoses itaelf as a low, ouobtnuive swell or ridge, traceable 
on either hand into more typically-developed morainic tracts. 

The morainic belt, aa a whole, is sometimee a oonapicaons topo- 
graphic feature. It then atands ap aa a more or leas diatinot ridge, 
rising 60 or 100 feet or more above the country outside it, and, gen- 
erally, to a less height above that within. True aa this statement is, 
a false impreesion is likely to be conveyed by it unless it is given a 
moment's refleotion, A ridge 100 feet high may seem snffidently 
large to be obtruaive. But if the ridge be a mile wide, with sym- 
metrical slopes, a height of 100 feet would mean a slope of 100 feet 
from the center to either margin, or a slope of 100 feet in a half 
mile. This would be a rise of less than one foot in twenty-five. 
This is by no means a steep slope, and a ridge of such dimensions 
aod proportions would not be a particularly conspicuous topographic 
feature, unless its development were persistent and its course across a 
flat country. If the moraine h&ve half the height -and twice the 
width above indicated, and these are not unoommon dimensions, the 
slope would be greatly reduced. A rise of fifty feet per mile would 
mean less than one foot in one hundred, a rise which would be hardly 
noticeable, except in a region where the topography lb nearly plane. 
The height of the moraine above its surround inga 'is not infrequently 
much less than the figure last named. It often oroeaee areas whose 
relief ie much greater than its own height. It is, therefore, not 
always, perhaps not commonly, a oonspiouons topographic feature. 

It ie important to keep in mind the distinction between (1) the 
moraine as a topographic feature, and (2) the topography of the 
moraine. As a topographic feature, the moraine is rarely oonspicu- 
ous, except in plane regions, though locally it may be so, even in 
mountainous tracts. In the former case, it is frequently of import- 
ance enough to constitute a divide between small streams, and thus 
to be a factor in determining the course of drainage. In those parts 
of New Jersey where the country crossed by the moraine had a 
strong relief beforehand, the moraine has little influence in this 
respect. On the other hand, the topography of the monune is fre- 
quently very pronounced, even where the moraine is not a conspicu- 
ous topographic feature. The topography of the moraine is as often 
sharply developed in regions of strong relief as in planer ones. 

This relationship between preglad&l topography <m the one hand, 
and mortunic topography and topographic conspicuousnees of the 
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moraine on the other, U no accident. In plane regions the minor 
advaoces and recesBioDB of the ice which every aeaeoo tended to 
effect, were more easily accomplished. There were fewer and leas 
, effective obataclea offering reeiatance to ice-motion. Every terminal 
aggregation of material overridden by aabeeqaent forward move- 
ments of the ice had its sharper features softened. The result was 
a tendency to the development of wide bat oontinnous morainic belts 
with relatively smooth surfaces. In hilly and mountainous regions 
the ice movement was resisted by the elevations, and f^ainst them 
the terminal deposits were banked in a rough and forcible fsshion, 
by ice whose movement was resisted. It is in such regions that the 
moraine topography is often roughest and most tumultuous. But it 
is also in such regions that the moraine's development is least regu- 
lar. It is strongly developed only in patches, and as a relief feature is 
not commonly conspicuous. On the oUier hand, without greater 
thickness of drift and without being in any way more massive, 
moraines of plane regions are relatively more important, topograph- 
ically, than those of regions of greater relief. It cannot be said, 
however, that any phase of moraine topography, or any degree of 
development of any phase of moraine topography, is confined to any 
particular topographic situation, 

Not rarely the most conspicuoos and obtrusive topographic features 
of terminal moraine are the work of waters accompanying the ice. 
The most sharply-marked hillocks are sometimes the kames, depos- 
ited by glacial waters marginal to the ice. 

The moraine dispc^es itself instructively throughout the crystal- 
line schist area. In the vicinity of Kockaway, for example, the 
position of the moraine, in relation to the elevations of gneiss, is such 
as to show that the ice pushed farther south in the valleys between 
the elevations than upon the elevations themselves. The hills thus 
made re-entrants in the ice margin, and the drift was banked gainst 
them to greater heights on the north than on the remaining sides. 
While this is in perfect accord with the behavior of glacier ice in 
general, the vicinity of Bockaway is a locality where the resulting 
phenomena may be seen within narrow geographic limits. The 
extension of ice further southward in valleys than on the adjacent 
highlands is shown at other points. The southward bend in the 
course of the moraine where it crosses the Musconetcong, just above 
HackettstowQ, is a case in point. 
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The terminal moraine at atite for reridenee$. — The top<^Tapliy 
of the moraine ia Bucb as to make it an attractive site for 
residential purposee. In few regions has it yet been extensively 
utilized in this yt&j, and its full poseibilities in this direction have 
not yet been generally recognized. Its topography would not lead 
itself well to streets running with the points of the compass, or 
to straight streets running in any direction. But if this be a desid- 
eratum at all, it certainly is not the only one. The surfoce nndola- 
tions often make winding wajni of extreme beauty possible, and the 
eminences a&ird sightly looationa for buildings. What may be done 
in this line is well shown by the attractive village of Short Hills. 
There are many other situations, as yet unimproved, which would 
make equally beautiful village sites, and will doubtless some day be 
utilised for this purpose. 

Not rarely lakelete occur and add their charm to that of the 
unique moraine top<^raphy. In many situations where lakes do not 
exist, they could be dev^oped and maintained at slight expense. 
The composition and slopes of the morainic belt are usually such as 
to afifbrd good drainage, a consideration scarcely second to any other 
in the selection of building sites. 
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SECTION V. 

ESKBRS. 08ARS. 

Eeken had Bot been known to exist in New Jer8e7 until the past 
snmmer. They were then foond in several localities. Nowhere do 
the^- find better development than in the vicinity of BamseyB, in 
Bergen ooonty. Prof. Culver, especially, has etadied the eskers in 
this region. Aooordiug to his interpretation, they oonstitnte a some- 
what complex system, beginning north of the State line. At varions 
points in this r^on there are oonsidenible areas of stratified drift, 
with which the eskers are associated, and of which they oonstitnte a 
part. One narrow belt of stratified drift extends from the State line 
north of Mahwah, sonthward to RamseyB and beyond. Another 
about Allendale has an int«rrapted oonneotion westward to Wyokoff. 
From this point a stratified drift area stretches north to a point two 
miles or ao west of Kamseys. These areas of stratified drift are in 
or associated with valleys, and it is in connection with them that 
eskers find their beet development, so far as yet known, within the 
limits of the State. Prof. Culver does not find the gravel and sand 
about Bamseys conneoting westward with that north of WyokofF, 
though the separation is not great. 

According to his determination, an esker starts a mile or so east of 
SufiWn, N. T., runs nearly south toward Mahwah, bnt loses its dis- 
tinotly ridge-like character in the gravel and sand area along and west 
of the railway in the vicinity of Mahwah. Just aoath of Mahwah 
the gravel belt has esker-feeders from the east, coming down the slope 
from the northeast, with greater disr^ard of topc^raphy than is the 
haUt of the eskers of this region. Between Mahwah and Samseys 
the eskers are int«rmpted, and large bodies of sand occupy a consider- 
able portion of the valley, The gravels and sands are variously dis- 
posed. Great quantities of tiiese materials not infrequently constitute 
fiat-topped, delta-like bodies of small areal extent In no ease does 
Prof. Culver find an esker connecting directly with one of these delta- 
like bodies. 

About a mile and a half north of Ramsey the main esker, whioh 
Prof. Culver regards as the continuation of the esker east of Sufiem, 
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again beoomes clistinct. StartiDg jtut east of the rulroad, its oonree 
runs south and then sonthweetward by a winding route. It croaaeB 
the railway in the north part of the vilUge of Bamseys, whence ita 
course ib nearly southwest It aroeeeB the marshy tract soathwest of 
the village, thioagh which it oonsldtutM a oonapicaous ridge. Beyond 
the marsh it rises notably, but does not cross ihe tiLUoovered ri(%e to 
the west. The 391 foot hill, shown on the topc^raphic map, north- 
northeast of Bamseys, marks a high point of the eeker. The esker 
has its most striking development southwest of the vilh^, where it 
orossee the marsh. Here it stands ap as a sharp, almost wall-like 
ridge, having a height of about twenty-five feet. Ita creet is often 
no more than ten feet or fifteen feet in width, and nearly horizontal 
for considerable stretches. From this narrow oreet the slopes &11 
off abruptly to the low land on either side, the angle of the slope 
being often as high as the looseness of the material will permit. 
Its real character, as well as the ideal character of an esker, is best 
appreciated by walking southwest along its summit for a quarter 
of a mile, banning at a point a little more than a half mile 
southwest of the station at Bamseys, at the point where the high 
toad leading from Bamseys descends from the ridge. (Plate I.) 
Near Bamsf^s, esker branches are given off to the southward, but 
they do not continue for any great distance. The poeitioD of this 
eaker, as well as the position of many of those mentiooed in the fol- 
lowing pages, is shown on the accompanying map oppomte this page. 
(Plate II.) 

Another well-defined eeker b^ins about two miles northwest of 
Bamseys station, just west of the brook, and has a south-southwest 
course for three miles. The roadway between Bamseys and Dar- 
lington cuts squarely through the esker, showing it to be composed 
of coarse gravel which is more than usually compact for eeker gravel. 
This esker is twice interrupted in ita course by narrow stream gape. 
These gaps, as most of those of this region, are dean out. The 
gravel which might have filled the notches is absent, and not strewn 
about the surface in the vicinity of the gaps. The eeker ridge on 
either hand approaches the gap after the fashion of a railway em- 
bankment, where the track is to cross a creek on a high bridge. 
Like the artificial grade, the esker emlonkment descends from 
higher land on either side, and is continued out into the valley. 
Toward the stream it stops abruptly on either side, just as if awaiting 
a bridge to span the interval. The southern terminus of this esker 
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PLATE I.— Bskera &t Banueys, Bersen County. 
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is abrupt at a point nesily three miles north of. Wyokofi*. A seocmd 
esker parallel to its soathern end lies a quarter of a mile west of it. 
Both ooDneot with a graveUaad-sand tract which leads down to the 
milwaj between Wjokoff and Camp Gaw. DescendiDg into this 
gravel area from the north and northwest are other esker ridges in 
the line of the continuation of the Ramse^s eskers, with which, how- 
ever, Prof. Cnlver does not connect them. 

North of Allendale, a half mile or so, an esker takee is source, and 
runs, in a general way, southweetward. Though not without inter- 
ruptions, it can be traoed to the gravel area northwest of Wyckoff. 
At this point the gravel area has a kame-like aspect, but is not with- 
out esker-like ridges, especially to the east. 

In the swampy area, a half mile or more south and a little east of 
Ramseys, begins an esker which has a length of about a mile, its 
coarse being nearly due aonthwest. It is ten or fifteen feet high, and 
is well defined. Its ooarse is parallel to that of the little oreek lying 
west of it It terminates abruptly where this creek joins the creek 
coming south of the marsh west of Ramseys. 

A quarter of a mile further southwest, across the united stream and 
nearly iu line of the esker just noted, there appears to be a point of 
junction of three short eskers. A branch from the Ramaeys esker 
makes toward this junoture, but it dies out before rea<^ng it. About 
this junction one short esker ridge .comes in from a direction north of 
east. Anotlier leads off to the south, while a third oomes in (or leads 
off) from the west-southwest. The esker leading southward irom the 
above junction unites with the Allendale esker a mile and a half west 
of Allendale station, throt^h one of the peculiar gravel areas, of 
which there are several in the r^ion, and which are manifestly part 
and parcel of the esker system. 

Another esker, more than a mile long, has a north and south 
course, running south from Roohelle Park, near the New Tork, Sus- 
quehanna and Westsm railway. Its position is low on the west 
slope of the Saddle river valley. It is a low, irregalar, gravel ridge, 
rarely more than ten or fifteen feet in height, but still well defined 
through most of its course, and notaUe for its extremely gravelly 
ooustitntion. 

In none of these places do the eskers ooour predominantly on high 
lands; they are either in valley bottoms or low down on valley 
slopes. While in the details of their oonrses they ezhibit some slight 
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degree of independenoe of topogntphio details, thej yet eeem to be, in 
general, dependent on pre-exiating topographia featnres. Their topo- 
graphic diatribntion strongly snggesta s anl^lacial rather than a 
snpe^lainal origin. They have not yet been atadied with thia point 
in view with sufficient oare to warrant a positive assertioD on this 
point Bat in general the eekers do not appear to be sank into the 
Bur&oe over which they wind. In some oases they are seen to rest on 
till, as if no eroding aotion had preceded their deposition. 

Near West Livingston, a short eaker has a northeast and sonthweet 
oonree. A low gravel and sand hill in the midst of a marsh aboat 
three and a half miles southwest of Livingston, and a short diatance 
west of Washington Place, may, perhaps, be looked upon as its 
extreme soathem end (Enmmel). It is interrupted by the alluvial 
plain to the northeast toward Cheapeide, but is continued beyond as a 
low gravel ridge, breaking up into two rather aharp knolls at Cheap- 
eide. From Cheapeide to Weat Ldvingeton, the eeker oontinues as a 
distinct winding ridge, bnt with no sharp curves. No exposures 
oocnr, but the surface indicates the sand and gravel composition of 
the ridge. About half way between Cheapdde and West Livinga- 
ton the orest of the ridge is marked by depressions. Nordieast of 
West Livingston the ridge beoomea more prominent, and where it 
<itoeem the road between Livingston and West Livingston, a half 
mile' from the latter place, it is well defined, being twenty feet in 
height and composed of ooarse gravel, Fnrtiier north, the ridge 
beoomea leaa prominent and Snftlly ends in a sharp knoll fifteen or 
twenty feet in height. From thia termination a small area of sand 
etretohea to the nOTtheaat. Between Oheapaide and Weat Livingston 
the esker ia bordered on the west by a narrow area of gravel, the 
topography of which is somewhat undnlatory. The entire length of 
the eaker, with its windinfp, is something more than two miles. Its 
height varies from a few feet (four or five) to something more than 
twenty. This esker, as well as the following one, was located by Mr. 
C. E. Peet. 

Another short eaker has an east-west course in the forest between 
Hilltown and Connectiont Farms. This ridge is low, but well 
defined, and has the windings characteristic of such ridges. Traced 
from east to weat, it oommencee about one mile west of Union (Con- 
neoticnt Farms). Here it rises up from rather flat surroundings in 
the form o£ a low, but well-defined ridge. It has a winding ooorBe^ 
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running westward, for about one-third of a mile, with a height of 
about ten feet. It !b here interrupted, but is continued to the weet- 
ward a little further on aa a dietiuot ridge twelve to twenty feet in 
height, and sbout one, hundred feet in width. In a general way, its 
height is greater where ita width is less, and vtoe wraa. Toward its 
veatem end the esker becomes notably einuous. AAer a course of 
about a mile, it is lost in the gently-undnlatory giavel plain. The 
material of which it is composed varies from coarse grave) to fine 
«and. The western end has an abundant scattering of bowlders and 
4>owlderet8 of oonsiderable variety. Nowhere does this esker cross 
Any highway, nor is it anywhrae distinctly seen from any road. 

A much longer and more massive esker, thoagh much interrupted 
la its coarse and often less clearly defined, runs through Afton, Mor- 
ris county. Its southern end is one and a half miles northeast of 
Madison. For a mile or so, it lies about one-third of a mile east of 
the Madison-Afton road, Pursning a north-northeast course, it 
•crosses the two roads running southeastward from Afbon, and holding 
the same general direction, it lies jost east of the road ranning from 
Afton to Hanover. After a slight interruption north of the church 
«t Hanover, it continues tbree-foorths of a mile further north. The 
total length of the esker is about three and one-half miles. There 
are ten gravel and sand pits along its course in this distance, and the 
gravel and sand associated with the esker have often something of 
the kame diapoeition. Nowhere does the esker have distinct branches 
■which persist for more than a few rods, though at some points seem- 
ing branijiee break up into kame-like hillocks. Its crest is uneven, 
■often riung into somewhat sharply- marked hillocks. But ever and 
anon it develops the narrow ridge-like character which is so charac- 
teristic of the type with which it is here classed. 

It is alt«^;etber probable that other eskers will be found in the 
Highland r^on of the State when the whole area is carefully studied. 
More careful study of the composition and surroundings of the eskers 
is necessary in order to make all points concerning their history satis- 
&otorily clear. But that most of those now known are the work of 
«ubglacial streams seems to be indicated by their distribution, oompo- 
sidons and relations. No critical discussion of this point will be 
■essayed until all the eskers of the State have been studied, when the 
-whole system will be diecnseed with reference to genesis, Farther 
work on the eskers will be in pr<^ress by the time these pages are 
tbroDgh the press. 
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SECTION VI. 

KAMES. 

Kamea were not differentiated from oUier types of drill when th» 
glacier deposits of New Jersey first attracted attention some yeat» 
since. More recently, kamee iiave been found to be very abnndant in 
various parts of the State, They sometimes oconr as isolated hillocks^ 
and sometimes in groups. In either case the type character may be- 
well developed. Lees commonly there are considerable areas ef sand 
and gravel whose sarfaoes are markedly undolatcnry, though the 
elevations are low and not clearly separated from each other. Sucb 
areafi may be designated kame areas, since the hillocks eu% not snffi^ 
oiently differentiated to separately merit the designation kames. The 
kames which are now known in New Jersey are so numerons as to 
make separate mention of all inadvisable in this report. They are of 
frequent occnrrence tbroaghout much of the lower land of Bergen 
county, and in the eastern part of Passaic, and are not rare in any of 
the lower areas of drift thus fiir studied. Typical kames may be seen 
at many points. Those which are here mentioned will serve for 
illustrations of the type. The first five here mentioned were located 
by Mr. Peet. 

1. One mile northeast of Little Falls, on the south side of the 
Passaic river, a typical hame rises twenty-two feet above the plain^ 
with an altitude 162 feet above tide. It is composed of sand well 
exposed in a pit. Below a thin sur&ce layer, whioh has probably 
lost its structure through the operation of surface agencies, the strati- 
fication is distinct. The hame has regular, smooth slopes, and its 
longest diameter is but little greater than its shorteet 

2. One-fourth of a mile east of the above kame, near the trap ridge,, 
is another kame well exposed at its west end. The contour lines of 
the topographic map define its shape. Its southern slope is steep and 
its northern more gentle. At tbe exposure, there is about three feet 
of till-like material containing striated stones. On the top of the- 
kame are bowlders, the lai^^t of which aro about three teet m 
diam^er. One granite bowlder seven feet in diameter lies at the basfr 
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of the hill Dear the excavation. The till-like material seen at the 
«xpoeure does Dot cover the entire kame. The exposure shows several 
feet of stratified sand, oooasional aeame of which are cemented by iron 
oxide. Interstratified with the sand are occasional seams of clay 
showing fine lamination. At its east end, the kame is made up of 
stratified sand and fine gravel, and wraps aronnd a boae of trap rock. 

3. Just north of the kame last noted is another connected with it 
fcy stratified drift, but separated from it by its topc^raphy, as the con- 
tour lines of the topographic map show. It has smooth, regular 
slopes OD the sontbeast and southwest sides. On the north and 
northeast it is nndulatory as far north as the brook, where trap oat- 
crops. The eastern limit, as indicated by the topography, is near the 
two hundred and eixty-foot line, but the sand and gravel extend a 
little further. The constitution of this kame is well shown at its west 
«Dd. Fine sand makes up 96 per cent of its mass. Of the gravel, 
something like 60 per cent is red sandstone and fine conglomerate, 
about 20 per cent granite and gneiss, and 10 per cent trap. Grey- 
wack^ quartz, &c., constitute the small residuum. Some of the peb- 
bles are one and one half inches in diameter, but most of them are leas 
than half this size. A granite bowlder six feet by eight feet by five 
feet lies at the west end of the kame. 

4. Aboat foor Diiles west of Little Falls, between Fairfield aDd 
Clinton, are two well-defined kames. They rise thirty-three feet and 
thirty-eight feet, respectively, above their gently-undulatory sorronnd- 
ings. The higher hill (208 feet above tide) stands out as a conspica- 
ous topi^raphic feature. It has r^nlar ooDtours, bat its constitution 
is nowhere well exposed. Its surface bears a few bowlders. The 
Jower kame (the two hundred and three-foot hill) is one-third of a 
mile east of the other. It is equally prominent, but has not the 
same r^ular contours. A gravel pit in the southeastern side shows 
it to be composed of coarse gravel. 

6. About one and a half miles west of Haledon, just north of 
West Paterson, on the road toward Fequanac, are two remarkable 
kamee. They rise np twenty feet or more above the plain to the 
west, and are prominent features in the landscape. They are remark- 
able for the sharpness of their outlines and the steepness of their 
slopes. Thur surfaces are r^ular and the angle of their slopes high. 
Bowlders oocnr on the surface of both kames. The surface material 
of the weetemmoat kame is fine gravel, laoging up to three inches in 
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diameter. Id the other kame a few yards east a pit has been opened^ 
and the exposure reveals stratified gravel. Pebbles three to four 
inches in diameter are common, bat larger stones, including bowlders,, 
are not wanting. With these two kames is associated a third, a little- 
furtlier south, though all three are safficiently distinct to be r^arded 
as individual kamea. The last-mentioned kame oonsiatB not of one- 
hillock alone, but of several minor hillocks with depreseionB between. 
Bowlders occur on its sand and gravel surface. It ends in a flat bench 
at the three hnndred and forty-foot leTel-~tbe level of the gravet 
plain north of Pieakness. 

6. Another welUdefined kame occnrs in the western part of the 
city of Bahway. The forty-two-foot hill of the top<^rapbic map 
marks ite position. It is well exposed in several pits opened for the 
gravel and sand of whidi it is composed, 

KAHE ABBA8. 

In many places eand and gravel areas of great or small extent, 
poeeess a markedly nndnlatory topography. The knolls have the form 
of kames, bat are often only partially separated from each other. 
Snch areas of stratified drift, where kame- like hillocks are nnmerons- 
and closely assodated, often joining each other, are designated kame 
areas. Same areas are, on the whole, more likely to occur on low 
land than on high. Locally they are distinctly restricted to valleys- 
and low plains, their borders being coincident with the borders of the 
low land. 

The Bookaway valley and Oreen VUlage kame areas. — Kame areas- 
of peculiar development and relations have condderabte extent in- 
the valley of the Rockaway river, between Montville and Hanover 
Neck, and again southwest of Madison, in the direction of Green 
Village and beyond. The two areas are mentioned in the same con- 
nection since they have much in oommen. In the latter situation th& 
kame area is anomalous in position, in that it lies altogether outside- 
the terminal moraine, and altogether beyond the limit certainly known 
to have been reached by the ice of the last ice epoch. The adjacent 
moraine in the vicinity of Madison is itself lately composed of kames. 
From the moraine, the kame area stretches o£E to the southwest, cov- 
ering the northeastern part of the low, flat area of stratified drift whiohi 
covers the Great Swamp and some surrounding territory. This str&ti- 
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fied drift ifi of glacial age but of aqaeoas origin, tboagh there ia maob 
in its surface appearance to suggest that the roughness of t^^grapb^ 
is due to the wind. The undulator; surface here becomes most strongly 
marked near the moraide, and gentler and gentler with inoreasii^ dis- 
tance from it. The dimination in ronghnees is accompanied by a dimi- 
nution in coarseness of the material. Near the motaine^sand and fine 
gravel predominate. But the sand ia in excess of the gravel, which 
presently almost wholly disappears. The sand quickly hecomee finer 
and passes into eilt. The disappearance of the sand is coincident with 
the disappearanoe of the nndulatorioess of the surface. 

In the Rockaway valley, the kames lie within the terminal moraine 
and occupy the bottom of the valley even down to the present fiood 
pUixa fif the river. Since they were made, the river seems not to have 
lowered its channel by any oonsiderable amoaot. The Kockaway 
valley kame area begins just east of the point where the river torns 
to the south, two miles northeast of Old Boooton. Its development 
is here weak. The kame-like character is better shown a little further 
south, along the road leading in a westerly direction from Horse Neck 
bridge. The hillocks are oraifined to a belt about half a mile wide 
on the east side of the river. West of the Horse Neck bridge, the 
kame-iike hillocks have a tendency to elongation in a north-south 
direction. Where the river bears to the east, northweet- of Pine 
Bfook, the kame-belt preserves its north>south course, and appears on 
the west side of the river. The top(^;raphy is here striking. While 
the hillocks are not high, or the intervening hollows deep, both are 
dearly defined and follow each other in quick succession. The 
depressions are frequently occupied by ponds or peat-bogs. Through- 
out the area, the kames are, on the whole, small. Many of them are 
mea-e mounds, no more than five feet or ten feet in height The 
depressions are, locally, as striking as the hillocks. In oonstitation, 
the surface material, at least, is predominantly sand. With it ia asso- 
ciated fine gravel, the pebbles rarely being an inch in diameter, but 
they are frequently more than half that dze, and apparently too 
lai^ to be referable to the wind, fiowlden are, for the most part^ 
wanting, as are also cobble-stones. 

Northeast of Pine Brook, on the southeast border of the Great 
Piece Meadows between Clinton and Fairfield, the surface presents, 
in subdued form, many of the same characteristics as those of the 
area just described, bnt the depressions are here qnite as marked as 
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the hillockB. Here, too, fioe sand predoimnste% bat small pebbles 
are occasioii&lly fbund. Tbe nndalations of the surface are, perhaps^ 
too gentle to allow tbe area to be cbaracterized as a kame area, but 
oontiasted with tbe area along the Rockaway, its differences are differ- 
ences of d^;ree and not of kind. In both regions the areas nnder 
oonsideration are low, scarcely above the river level, and they are in 
such cloae proximity as to make their mention in the same connectioD 
seem proper. 

Some minor developments of similar featnree ooonr in the valley 
of the Paseaio above New Providence, The development is here less 
extensive and the hillocks more isolated. 

No satisfactory explanation of these remarkable kame areas has 
saggested itself. They are all along low drainage lines and are mani- 
festly connected with glacial drainage, bat tbe exact mode of their 
origin seems to be somewhat different from that of typical kames. 
Perhaps their relationship is with pitted plains rather than with nor- 
mal kames. This seems to be especially trae of the kame area south- 
west of Madison. 

Tbe absence of strictly glaraer-depoeited material from tbe surface 
parts of the kame area of the Rockaway valley seems to indicate 
clearly that glacier ioe, or, at any rate, that active glacier ice, had 
entirely withdrawn from the valley at this point before the kames 
were made. Tbe fact that they were neither worn away nor buried 
seems to indicate that no great body of glacial waters poured throngh 
the valley subsequent to their formation, sinoe tbe pass^e of a flooded 
stream would have accomplished either one result or the other. On 
tbe other hand, tbe explanation of their topography seems to require 
at least tbe passive asaiatanoe of ice, though perhaps not of strictly 
glacier ice. 

With the origin of these kames are associated a number of qaes- 
tions which are not yet solved. The solution of the problem of the 
glacia] drainage of the area bounded by tbe trap ridges on the south- 
east and by the crystalline schist area on the northwest, has oot yet 
been worked out. With this drainage, after the ice bad receded from 
the position of the terminal moraine, tbe Rockaway valley kame area 
seems clearly to be associated. But this does not explain the method 
of its development. Its position on low land and in the lee of a trap 
ridge is perhaps significant. This is a sitnation in which ice would 
be likely to become stagnant daring the dissolution of tbe ioe-sheet. 
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and stiignant ice may very poeBihlj have been passively concerned in 
the development of the kames. It is conceivable that at a certain 
flt^e in the history of the glacial epoch, drainage from the Horse Keck 
ridge above might have brought down sand and gravel, spreading it 
oat on the stagnant ioesuriace in the lee of the trap ridge. Upon the 
melting of the ice such sand and gravel might assame tbe disposition 
DOW poaseaeed by the Rochaway valley kame area. If this were the 
true explanation, there should be found on the west &ce of the ridge 
indications of the lines along which the sand was carried down, if the 
transportation took place after the western slope of the ridge was tree 
of ice. These have not been found. If the drainage which carried 
down the sand was on the surface of the ice, before the slope of the 
trap ridge was laid bare, the lines of transport would perhaps not be 
traceable at the present time. 

Through the Rookaway valley, considerable streams of glacial 
water &om the north mnst have coursed, after the ice had receded a 
considerable distanoe beyond the valley where the kamee occur. The 
deposits of these waters might have been made along the edges of the 
stagnant ice, or even on its surface, if circumstances were favorable. 
The melting of the ice might have allowed its covering to assume the 
irrc^lar topc^raphy which now exists. The draini^ through the 
vallqr from the north, together with the presence of sti^^ant ioe in 
the valley, may have afforded the conditions for the development of 
the kame area in the valley. If these be the conditions under which 
the kame-like topography of the area was produoed, it may be an 
open question whether the region affected should be called a kame 
area. If the explanation be sought along this line, we most suppose 
that the ice, on or along which the sand was deposited, did not entirely 
disappear until after the valley had ceased to be an avenue of active 
glacial discharge. Otherwise the kame-like hillocks would have been 
buried or demolished, for that they could have persisted for any length 
of time without destmotion or burial along an avenue of glacial 
drainage, seems incredible. 

A similar explanation might be equally applicable to the area of 
similar character which lies between Two Bridges and Clinton, south- 
west of Little Falls, though within this area there are some well- 
developed individual kames. These, however, may well antedate the 
development of the broader sand area of less relief about them, 
which is, perhaps, as closely allied to a pitted plain as to a kame ar». 
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Bat the same ezplaiution hardly seems applicable to the r^oQ about 
Green Yilli^, sonthwest of Madison, since thia lies altogether out- 
side the moraine. It is, of coarse, possible that the ice in the laat ice 
epoch extended beyond the moraine. It would seem highly probable, 
too, that a very considerable body of water must have oconpied the 
ares of the great swamp when the ice stood at Madison. The hame- 
area occupies that side of the site of this probable body of water 
which was nearest the moraine. Into the water considerable dis- 
chat^es of ice may have been made. If there were grounded Uocka- 
of ice, or blocks of ice weighted down by drift, or at^nant ice, it> 
the east end of the Great Swamp area, the deposits of drainage vigtw- 
OOB enough to carry sand and spread it over or among the ice won]<} 
eeem to supply conditions under which the undulatory sur&ce might 
have originated. But there are diffioultiee in the way of accounting 
for tlie presence of the ice in the situation necessary. The r^oa 
beyond (southwest) of the kame area is covered to con^dovble depths' 
by deposits of loam and cky of lacustrine origin. Into this the- 
hame ares grades, both as regards its topc^raphy and material. IT 
information derived from wells dug long since may be relied npon^ 
the same day lies beneath the kame area. If this be true, the sand 
mnst be assigned to a late date in the history of the body of water 
which oooupied the Great Swamp. 

No explanation of these kame-like accumnlations, which seems at^ 
all adequate, has suggested itself It is hard to see how the sand 
could have attained its present disposition without, at least, the pas- 
sive aid of ice, and it is difficult to see how a sufficient body of ice- 
could have been present. It may be that the area is to be r^arded 
as nothing more than a pitted plain or an unusual form of overwash. 
In any case, its topt^raphy needs explanation. 

Among other kame areas, the following may be mentioned : 

The Montville kame area. — East of Montville and south of the 
Delaware, Lackawanna and Western railway is a well- developed area 
of kames. The more or lees separate kames are high and oon- 
spicnons. They are composed of gravel and sand, well exposed in 
numerous pits. Bowlders are not wanting. Much of the gravel is- 
well rounded. These kames lie just north of the Bockaway valley 
kame area, and may, perhaps, be looked upon as the northern ter- 
minos of the same, or, perhaps better, as their head. 

The Boonton kames. — A little less than a mile due south of Boon- 
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toD station there is a well-developed clump of kames, which illustrates- 
the type as well as any single area. As a type, this area has th&- 
advantage of being readily accessible. The topography and general 
habit of the bames is well seen east of the railway, and sonth of thd- 
east-west high road, where it is joined by the north-northwest road 
leading eouthward from Powerville. 

Sloomjield kame area (Peet). — About one>half mile west of the 
Delaware, Lackawanna and Western railway station at Bloomfield 
there is a group of kames, well exposed at numerous sand pits. A 
coating of two to ten feet of nnstmtified drift covers the stratified' 
grave) and sand, which has the structure characteristic of kames. The- 
Bloomfield kame area is limited on the north by till, but on the 
northeast and sonthwest by gravel. The gravel to the southwest 
extends along the valley of the east branch of the Kahway river^ 
finally uniting with the gravel plain at Springfield. Upon the sur- 
face of this long, narrow belt of gravel, well-marked kames are ooca- 
aionally developed. One mile north- northwest of Orange station, in 
Hie midst of this belt, a cemetery marks the site where kames have a. 
distinct local development. 

From a point a little north of Highland avenue, southward along- 
the valley to Maplewood, numerous kames occnr. Many of them 
have a thin coating of unstratified, till-like drift They are mainly 
composed of ooarse gravel and sand. Many of the kames ara alto- 
gether separate, and have oval shapes with smooth contours. At' 
Orange Valley, an exposura in a single kame on the left bank of the 
river reveals its structure. A coating of yellow loam two to three 
feet deep, overlies three feet of coarse unstratified or indistinctly- strati- 
fied gravel, which, in turn, covers six to eight feet of gravel showing- 
distinct cross-stratification. 

Verona kame area (Peet). — From about one mile south-soutkwest 
of Yerona, two or three miles west of Montclair, a gravel area extends 
northeast as far as Cedar Grove. It is often loem-oovered. The 
Caldwell railway between Verona and Cedar Grove furnishes good 
exposures. Numerous sand pits give good sections along the road 
from Cedar Grove southwest to Verona, along the west bank of 
Peckman's brook. The kame topography is well shown about half' 
my between Cedar Grove and Verona station, and again about three- 
fourths of a mile sonthwest of Verona station, on the west bank of 
the brook, wbero numerous exposures and sand pits show typical kame- 
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etmctnre. Abont half way between Cedar Grore and Verona station 
a sand pit on the west side of the rood, oppoeite the gold-dust factory, 
;£ive8 a Beodon which, in 1892, showed dietinot &alting. The ma- 
terial of this area ia various. Just soath of Veroni^ station it is 
mainly of coarse trap gravel, overlain by yellow loam to the depth of 
two or three feet. The railway cuts sometimes show the stratified 
. mat«ria1s to be somewhat mingled with the till. 

Caldwell kame area (Feet). — Commencing about a mile north of 
'Caldwell, a gravel area abont a mile in width runs soutliweetward for 
four miles and more, passing through Essex Fells, Rowland and 
Jjtvingston. Within this area are many kames, several limited gravel 
plains and considerable stretches of gravel and sand whidi belong to 
neither the one category nor the other. Throughout the area there is 
a somewhat discontinuous mantle of loam, which is often sufficient to 
afford a productive soil. The portions of this tract which belong to 
the kame-area category are to be found (1) a half mile and more west 
4nd souttiweet of (>ildwell, and (2) in Livingston, and east and north- 
east o{ the same. In both these f^ions the kames are fairly well 
developed. Near Livingstou marked depressions accompany the 
kames. Good ezpoeores oooor one-fourth of a mile east of Livingston, 
one-fourth of a mile or less west of Caldwell, two-thirds of a mile 
«outhweet of Caldwell, in the east bank of the brook, and a half mile 
from Caldwell oo the road to Essex Fells. lo these exposures the 
fitntifioation is often seeu to be distinct, more or less crossed, and 
sometimes faulted. 

The ToUnea kame area (Feet). — The two hundred and twenty- 
seven-foot hill at Totowa, two and a half miles northeast of Little 
Falls, is a kame, connecting to the southward with other kames. 
T(^ther they constitute an area about one square mile in extent, but 
somewhat longer from north to south than from east to west. The 
area runs east as &r as the Passaic terrace, and south to the Passaic 
river. Along the south border, the Delaware, Lackawanna and 
Western railway outa throngh the kames, exposing fine sections. 
The exposure in the two hundred and twenty-five-foot hill, as marked 
on the topt^raphio map, shows abont twenty feet of fine stratified 
fiand, covering an equal thickness of interetratified gravel and sand. 

Kames northeast of Pequanao (Peet). — Oae and one-half miles 
northeast of Pequanac, Paesaio county, and at the head of the biook 
vhioh empties into the Pompton river at Mountain View, there is a 
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Bmall area of katneB. The hillocks and ridgee are often distiDCt>. 
rising op sharply from their surroundings and extending in a general 
west and southwest direction. The material of the surface ia looafr 
gravel and sand. Bowld^^ are not rare. At the south end of the 
wea a gravel pit shows the material to be subangalar gravel with a. 
sandy matrix. Above the gravel is a coating of earthy loam, in, 
which a few pebbles oooar, 

Kwnea southwest of Weaiviood (Culver). — -Another well-developed' 
area of kamee is situated two and a half miles southwest of West- 
wood, and an equal distance northwest by west from Oradell, Bei^a- 
oonnty. The area is less than a mile in greatest diameter, but it is- 
characteristically rough. In constitution this kame area is more 
sandy than moat of those of northeaetem New Jersey, The topog- 
raphy is well delineated on the contour maps. 

The Sohoktu kame area (Culver). — Another kame area lies a. 
mile or so northeast of Hohokns, Bergen county. In topc^raphy it 
is much like the preceding, bnt in constitution it is much more 
gravelly. On the east, this area descends to the level of the Saddle 
river. The relation of the kame area to the river and to the high land 
on the east bank of the river affords one of the many evidences of lack 
of any considerable erosion since the last occupancy of the valley by ice. 

The Demareat kamea (Culver). — A half mile east of Demarest 
station, Bergen oounty, lies the sonth end of a group of kames which 
extends three-fourths of a mile north-northeast. The topography 
here is markedly morainic. Both knobs and kettles are conspicuous, 
the latter in one or two oasee reaching a depth of fifty feet Short 
as the kame belt is, its length is much greater than its width, and its 
greateet extension is approximately at right angles to the direction ot 
ice movement. The surface and form of the area are such as to 
strongly saggeet its relationship to a terminal moraine. It seems 
highly probable that these kames were developed at the immediate 
maiffin of the ice, and that the roughness of the terminal moraine 
belt, at some points, is due to a like activity of the same ^nts, work- 
ing under simiUr conditions. Occasional bowlders occnr on the sur- 
face of the kamea, 

MivenxUe kame area. (Kame moratne.) — ^The most unique and 
most striking group of kames which has thus &r been seen, occurs 
less than a mile northeast of Rivervale, Bergen county. This area 
has, roa^ly, the form of an open honeshoe with ends bent outward, 
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its oonvezity fittnog the southwest. Its total length is almost one and 
'three-fourths miles, and its width, except at the northwest end, less 
thatf one-foarth mile. The form, the topc^raj^y and the topo- 
graphic relations of the belt are such as to remind one strongly of 
a terminal moraine. It is characterized by high, knob-like hills, one 
remarkable kettle, and many lesser ones. Till fills the oonoavily of 
-the curve, ooming ap sharply to the kame belt, and from its outer 
rside a graTel-and-sand plain stretches off to the sonth, after the 
fashion of an overwaeh plain. In its relatjons to other jihases of 
-drift, therefore, as well as in the partionlara already spedfied, the 
kame belt stands in the position of a moraine. For it, and for simi- 
lar aggr^iations of kames, the designation kame moraint is proposed. 
To the same category belong the interrupted belt extending from a 
-point just north of Westfield to Waverly, and best developed two 
miles northeast of Oranford. Although this belt freqnently ramtains 
hillocks of tUl, and though till is sometimes exposed beneath gravel 
and sand, yet sand and gravel, disposed in the manner of kames, is 
the omspicnous portion of the belt. 

The West Norwood kamet (Calver). — Between West Norwood and 
Randell, Bergen county, just east of the West Shore railway, there is 
a long, almost eeker-Iike ridge, which is broken up into a series of 
hillocks resembling kames. The general form of the area is that 
characteristic of an eeker, rather than oharaoteristio of a kame area. 
The topography, on the other hand, is more like that of a kame tract. 
The Wycioff iame ar«a (Culver). — Oommendng a half mile 
northwest of Wyokoff, Beigen county, and extending thenoe north- 
east and northwest, there is an area of gravd and sand which fre- 
-qently has a marked disposition to develop into kames. The gravel 
here is closely associated with a series of eskers, and the two types, 
thongh dearly enough marked in individual instances, so completely 
grade into each other at many points as to render thdr classification 
•difficult. Much more of the area, which inoladee only about a square 
inile, has a kame-like, than an eeker-like dispodtion. 

The Franklin Lake kame area (Culver). — North of Franklin 
'lake, Beigen county, and banning at its shore, is an irregular kame 
-area, whose topography is somewhat rough and deddedly morainic in 
f;eneral aspect. The area stretches off to the northward for about a 
mile and a half. 

Newark kama. — In this connection should perhaps be [mentioned 
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«ii area jiut norUi of Newark, along the right bank of the Fassuo, 
from Belleville to Biveraide. This is not a typical kame area, though 
■the Bar&oe haa something of a kame habit. The material is mnch 
-coarser than that oharaoteriatic of kames, and the topography of the 
■drift at this point, as well as its oonstitation, enggeets moraine 
aEBnides. Certain features of the drift on the opposite side of the 
river, at Harrison, as well as certain featarea northwest of Belleville 
in the direction of Watchnng, suggest that this is a line which marked 
the poeitioD of the ice-edge during its retreat, for a time sufficiently 
long for marginal accumulations of moraine-like and kame-like 
affinities to attuB a recognizable development. The material of this 
«ccnmulation is well shown in pita and cats at Riverside, Woodside 
and North Newark. The topography finds its most kame and 
moraine-tike habit in the same r^ion. To the soathward, this area 
of rough topography flattens out to a plain of finer gravel and sand, 
luving somewhat the aspects and relations of overwash. This is true 
<tn both sides of the Passaic 
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SECTION VII. 

0VEEWA8H PLAINS AND VALLEY TRAINR, 

Overwosh plains and valley trains possess mnch significance aot} 
importance in various ways. The steepness of slope and the ooarse- 
nees or fineness of the material oompoeing them give evidence of the 
vigor of the drainage, and therefore of the attitude of the r^on 
where they oocor when they were formed. When the material is 
ooarse, the depositing waters mnst have been swift ; where it is fine, 
slow. It is true that volnme of water, as well as slope, is a factor 
determining velocity, bat after due allowance is made for effect of 
volume, it is still possible to reach a tolerably definite conclusion oon- 
oeming the attitude and therefore the relative altitude of the land 
when the overwash was deposited. Even great volume of water can- 
not produce strong currents without a certfun minimum of slope. 
Coarse deposits whidi skirt the moraine in a narrow belt only, grading- 
off promptly into fine, indicate a more moderate movement of tlifr 
depositing waters than do coarse deposits which form a wider belt 
extending greater distances from the moraine. Where all tiie over- 
wash deposits bordering the moraine on the outer faoe are fine, even 
up to the moraine itself, it is evident that the conditions of drainage- 
were such as to produce slow currents only. Most of the overwash 
plains and valley trains in New Jersey are of material suffioiently- 
ooaree to indicate that drainage was measurably vigorous during the 
moraine-lbrming stage of the glacial epoch. Theourrents must havS' 
had some such strength as the present rivers in times of floods. 

0TZBWA8H PLAINS. 

The name overwash plain expresses the tact that the topography or 
the formation under consideration is, iu a general way, plane. But 
in detail the overwash plains are sometimes far from fiat. They are 
rarely marked by elevations of much size, though swells five to teU' 
feet in height are not uncommon near the moraine edge of the plain. 
On the other hand, overwash plains sometimes grade into pitted' 
plains, the pits or depressions being, shallow, and- eauoerfshaped, orr 
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nov and then much steeper and kettle-like. The depreBsiona are in 
size and shape the counterpart of the elevations just noted, but are 
on the whole of more frequent occurrence and of larger dimensions. 

Elevations of another sort sometimes project above the overwaeh 
sand and gravel of the last ice epoch. These are hills, large or smalls 
which the glacial waters did not cover and therefore did not bury. 
They are surrounded by the sand and gravel deposited by waters issuing 
from the ice. The sand and gravel may wrap about their bases, but 
fail, by various amounts, to reach their tops. Sadi elevations may 
be regarded as islands of greater age in the youthful overwash plains, 
but they are not constituent parts of such plains. 

Overwash plains are composed mainly of gravel and sand. They 
are often coated with a sandy loam, representing the last phase o£ 
overwash deposition, when the waters had been so far reduced im 
volume or their source so far removed as to make them incompetent 
to carry coarse material. There is a common impression that because- 
overwash plains are made of gravel and sand, they must of necessity 
be sterile and unattractive regions. While this is true of the over- 
wash plains of some r^ons, it is hardly true of these formations as 
a whole in New Jersey. While it is true that such plains would ia - 
general be less productive than many other areas if the dimate were 
dry, the moist climate of the Atlantic coast generally affords suffi- 
cient rainfall to relieve, where it does not neutralize, the ill-effects of 
a very porous soil. In many places the fertile fields to be seen od 
these plains are a suGBcient contradiction of the idea of their sterility. 
A considerable part of Morristown is built on such a plam, which is- 
continuous with the plain stretching northward to Morris Plains and 
beyond. The condition of both native and cultivated vegetation in 
Uiis r^on indicates Its general fertility. 

The plain on wbidi both Flainfield and Scotch Plains stand, and 
which stretches thence to the moraine on the east, is another illustra- 
tion of an overwash plain, differing in some respects from that at: 
Mornstown, From the broad plain east and south of Flainfield,, 
there is an extension southwestward to Bound Brook and Somerville, 
bat its typical character is not preserved far beyond Bound Brook. 
The Raritan river, between Bound Brook and Somerville, cats- 
through the plun, which has a considerable development on the- 
south side of the river in the vicinity of Hillsboro and South Bonnd 
Brook. Further east the approximate southern limit of the overwasb 
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plain 18 marked by a line running from Soath Bound Brook through 
New Market, New Brooklyn and Metuohen, thongh the gravel 
extends south of this line near the latter place. More or less material 
of the same origin skirts the moraine to the southeast as &r ae Ford's 
Comers. Within this area the depth of stratified drift varies greatly. 
At Scotch Plains it is often as much ae thirty-five feet in depth, and 
in some places the rock lies twice that distance from the sur&ce, 
although it is not certain that the seventy feet of material overlying 
the rock is all glacial gravel. Toward the borders of the plain the 
drift is veiy thin. The overwaah is coarser near the moraine and . 
finer at greater diatancee from it. Exposures showing the material of 
which the plain is composed may be seen at various points about 
Plainfield, Dunellen and Evona. 

It is interesting to note that within this plain, about one mile due 
west of Fanwood and an equal distance southwest of Sonth Plains, a 
low hill of " yellow gravel " rises ten to twenty feet above the glacial 
gravel. The same gravel appears agiun at the base of the Highlands 
west of Plainfield, just above the margin of the overwash plain. 

Sonth and southeast of Denville overwash gravel and sand border 
the moraine, occupying the space between it uid the railway. A half 
mile and more northwest of Denville there is a pitted plain standing 
in the same relation to the moraine, This is perhaps as good an 
example of a pitted plain as has been found adjacent to the moraine. 
The Succasunna Plains i^ion is another illustration of overwash, 
though this r^on has not yet been speoifically studied. Doubtless 
other areas of overwash gravel will be found fdong the moraine at 
points further west. 

Areas rdaied to overwash plains viiihin the moraine. — Within the 
moraine there are Bome areas of gravel and sand representing the 
material carried on beyond the ice after its edge had receded beyond 
its position of maximum advance. Sand and gravel plains within the 
moraine are somewhat extensive. They do not belong to the class of 
overwash plains in the sense that they lie outside a terminal moraine, 
but their genesis places them in the same general category. For the 
most part the sand and gravel areas here referred to occupy valleys or 
other low areas. Laige areas in the valley of the Haokensaok, 
especially about Weatwood, Norwood, Bivervale and Demarest, 
belong to this cat^ory. Also a considerable area northeast of Pater- 
eon, in the valley of Saddle river, Theee areas are not all plane ; 
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many of them, indeed, are very far from plane. Narrow belts of a 
eimilar character ocour along the valleys of the Ramapo and Wanaqae 
rivera. These have closer relationship with valley trains than with 
overwaeh plains. A considerable area of gravel stretches southward 
from Millbnm to Cranford, in the valley of the Bahway river. This 
plain is intermpted at Springfield by kames. The sand is here very 
deep. A well at Springfield is reported to have penetrated ninety 
feet of sand before the rock was reached. Bordering the secondary 
moraine (kame belt) between Waverly and Locast Grove, there is a 
gravel plain extending soatheaat from Salem to Elizabeth, This is 
locally pitted. 

Another gravel-and-sand plain of considerable extent is found be- 
tween Pompton and Lincoln Park. The plain is two miles or more 
in width and five or six in length. Its principal development is on 
the west side of Pompton river. It declines to the south less than 
ten feet to the mile. Its surface is very level, as the designation 
Poi^pton Plains su^ests. The depth of gravel is undetermined, 
since the deeper wells of the region, scarcely more than twenty feet 
deep, do not reach its bottom. The gravel is coarse to the noith, and 
is coarser below than near the surface. It is covered, especially south- 
ward, with a thin coating of loam. In ptaoee it is ill-dndned or arti- 
ficially drained, and here ite sur&ce is covered with a black soil, some- 
times obscuring the real nature of the plain. The date of construction 
of this plain was doubtless after recession had carried the ice north 
of Pompton. 

Subaqiieoua overaaah plaint. — About the edge of the ice there were 
sometimes bordering lakes. Lakes would arise in such utoations 
wherever the topc^raphic relations of the ice edge were such that the 
waters issuing from its melting edge found no escape. (See page 43.) 
The waters discharging from the ice into such a lake sustained the 
same relations to the ice as the waters producing the normal overwash 
plain. But the waters discharging into a lake, instead of spreading 
out on a land surface, effected a result somewhat different. The deposi- 
tion takes place in a lake in the one case, not on the land, as in the 
other. While the constitution of the deposits will be similar in the 
two cases, their form will differ in one important respect. The over- 
wash pl^n has a gentle slope more or less r^ularly declining from 
the moraine, against which its higher edge abuts. The overwash 
material has its greatest thickness next the moraine, becomes thinner 
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and thinner at increasing distanceB from it, and finally disappears^ 
often withoat Bharply-marked boundary. 

In the laonstrine overwash plain, on the other hand, the phenomena 
are somewhat difTereat;. On reaching the lake, the glacial waters have 
their velocity saddenly checked, and therefore drop most of their load 
near the border of the lake, filling its shallow marginal part. But 
since most of the material is promptly dropped as the waters reach 
the lake, the surface of the plain resulting from long-continued depo- 
sition does not decline gradually and r^alarly without a sharply- 
defined topographic limit, but drops off promptly and more or less 
abruptly at the limit of abundant deposition, after the fashion of 
delta formations. The deposition in the lake where any given stream 
entered would indeed constitnte a delta, which would gradually ad- 
vance into the lake. If water were dtschai^ed into the lake at an 
equal rate all along the common mai^;in of ice and water, and if all 
parts of the inflowing waters were equally laden with debris, and if 
the lake were of equal depth all along its margin, the margin of the 
lake would be filled with equal rapidity at all points — that is, a delta 
would be built lakeward from the mai^n of the water, all along the 
border of the lake, on the side where the drainage entered. But all 
these conditions would probably never oo-ezist, so that the filling 
would proceed unequally, but everywhere the plain of deposition, 
would possess the steep outer face characteristic of delta deposits. 
From the moraine to its steep outer slope, the surface of the sub- 
aqueous overwash plain would decline gently, possessing the slope and 
the general features of an overwash plain, formed on a land surface. 
Indeed, the part of the plain nearest the shore would presently be 
built above the water-level, when it would receive additions after the 
fashion of a normal overwash plain. The following figures show the 
general relationship of the two types of overwash plains: 
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Slagrun Uluitratlng the rel&tloD of a subaqueous ovemub plain lo the tnonlue and to the 
«itra-maraiulc eurtace ; th\% tbe level of the lake In wblch the grafel and Band were depos- 
ited. The otber letlsn have the >■□» MgniHcaaoe M In Ftg. 2. The chief polati of dlflerenoe 
«re the Bi«epei alape belon b, aad the attuctaTe of the stratified depoilt. 

After the ice and lake were gone, gravel plains thus formed could 
be distlDguiBhed from those formed on the land b^ the fact that their 
cater elopea deBcend abruptly from the outer edge of the surface of 
the delta plain. The plains here described might with equal propriety 
be called dxlia flami or ntiajueou* w>t!rma»K "plavM. To distinguish 
them from other forms of delta plains, and to express at tlie same time 
their relationship to snbaerial overwash plains, the designation *u6- 
<ijueou« weraxixh, plaina is here proposed. Beyond tlie abrupt elope, 
marking the outer edge of abundant deposition, there should be found 
£ne silt and clay, the characteristic deposits of more quiet waters. 

Gravel plains of the type here described have been foand at several 
points both without aud within the moraine. The overwasb plain 
skirting the moraine from Morris Plains sonthwest to Summit bean 
■evidence in its abrupt outer face that its mai^n was formed beneath 
water. The abrupt outer face here referred to may be welt seen a 
mile or so southwest of Morris Plains, in the south part of Morria- 
town, a quarter, to a half mile southwest of the Delaware, Lackawanna 
and Western railway between Morristown and a point a little south 
of Convent, and agun west of Madison. Here the plain is frequently 
seen to descend abruptly from about the 360 foot contour line. The 
abrupt decline is oflen as much as seventy or eighty feet. 

Within the moraine, striking plains of this type are to be seen north 
■of PreakneBS and northwest of Franklin lake. Two miles north of 
PreaknesB there is a well-defined gravel plain'at an elevation of 340 
to 360 feet To the north it becomes somewhat undulatory. The 
plain covers more than a square mile, and slopes gently to the south. 
At its southern terminus, one and a half miles north of Freakness, it 
falls off abruptly 90 to lOO feet. The depth of the sand and gravel 
is not known, but it is great. Excavations appear not to have 
reached its lower limit. Even on the lower plain south of the 
higher, the sand is deeper than the undei^round water-level, so 
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that wells do not make known its full thickness, but even here it is 
known to be more than twenty feet deep in places. A mile or so 
south of Preakness the sand becomes thinner, and beneath it laminated 
ctaj is said to exist. 

A mile or so north of the abrupt south face of the Preakness plain, 
there is another plain of similar character at the still higher level of 
about 400 feet, likewise with an abrupt south face. This plain is much 
less well defined than the one south of it, and perhaps does not belong 
to the same cat^ory. At the other locality, two miles northwest of 
Franklin lake, and an equal distance south of Oakland station, there 
is a similar subaqueous oyerwash plain of smaller extent. 

In the southeastern part of Boonton, south of the canal, and a mile 
northeast of Montville, north of the railway, occur further illustrations 
of the subaqueous overwash or delta-plain type, formed where glacial 
waters discharged into maiginal lakes. The plain north of Montville 
is well seen along the upper road leading from Montville to White- 
hall. The railway makes deep cuts through its edge, revealing great 
thicknesses of stratified drift. 

VALLEY TBAms. 

Pown many of the valleys leading southward from the monune^ 
trains of gravel extend for great distances. A oonspionous example 
of a valley train is found in the valley of the Delaware as far south 
as Trenton and beyond. Others are found in the valleys of the Mus- 
conetcoDg and the filack rivers. Similar trains of mach less extent 
are found in many small valleys which served as avenues of gUcier 
drainage. These valley trains are especially developed in the eztra- 
morainic parts of valleys which have their sources within the moraine. 
To a lesser extent, and in relations which made them less distinct, 
gravel trains occur within the moraine. 

The method of deposition of these gravels corresponds, in a general 
way, with the method by which all alluvial plains are developed. A 
stream deposits when it has more load than it can carry. The water 
issuing from the edge of the ice was loaded with gravel, sand and 
earthy material. Of these materials, as the deposits prove, the streams 
had more than they were able to carry to the sea. The coarse 
materials were therefore dropped along th^ channels. By this pro- 
cess, the channels of those streams which were avenues of discbai^ 
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for the melting ice, -were gradually filled. The capacity of the chan- 
nels waa thereby lessened. At the same time the snpply of water was 
abundant, and the streams must have flooded their valley bottoms 
beyond the confines of their channels, In any given valley the 
waters outside the channel would have built up the flood plain at the 
same time that the channel was being raiBed by deposits within it. 

So long as deposition on the fiood plain kept pace with the deposi- 
tion in the channel, both would rise, but their relations to each other 
would not be altered. The valley bottom would be built up steadily ; 
or, if we may coin a word to designate a process for which a name is 
needed, the valley bottom would be aggraded. As the fiood plain 
and chanuel were aggraded, the flood plain would be widened, since a 
valley is in general wider at any given level than at any lower one. 
A deep filling, or, what is the same, extensive aggradation, would 
result in a wider flood plain, higher than the old valley bottom. 
Under these circumstances the filling would not be homogeneous. 
The coarser material would be found along the main channel, where 
the current was swiftost, while the material deposited on the flood plain 
on either side of the channel, where the waters were more slu^sb, 
would be finer. The result would be such as is indicated in the fol- 
lowing flgare: 




Diagrammatic cro»-aectloD of an aggraded Tallejr, nhera the nbole width of the Qood plain 
vu bollt DP at an equal rate, the stream balding lis course throughout the process of aggrada- 
tion. The GoarEer material In the center marks the podllon of the cbannel, where the current 
naa avlfter. while the flae material on either band represente the depoaica on the flood plain. 

Ordinarily, if not always, the a^radation would take pla^e some- 
what differently. In the case of an overloaded stream, the depoei- 
tion in the channel will exceed that on the fiood plain, The channel 
and the flood plain are then aggraded unequally, the former more 
rapidly than the latter. Natural levees would tend to develop on the 
borders of the channel, and these would help to confine the stream to 
its chaimel. 
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The condition of things thus brought about is unstable, as the his- 
toty of any river through its flood plain abundantly shows. In the 
case of a stream fed by a melting glacier, the excess of water which 
would flow through the valley wheoever warmer temperature caused 
a rapid melting of the ice would frequently cause the stream to break 
through its levees. Once the stream's course was fixed on the flood 
plain lower than the former channel, it would be difEcult for it to 
return. Thus the old channel is abandoned, and a new one estab- 
lished on what was before the flood plain, on the one side or the other 
of the earlier channel. The old channel now becomes a part of the 
flood plain. (See Fig. 6.) The new channel and ita bordering flood 
plain will suflbr a^;radatioD, as did the old, until the new channel 
reaches an elevation above that of some other portion (^ the flood 
plain, when the stream will again be likely to shift its course in time 
of high water, the main current establishing itself along the lowest 
■course open to it 

This new course will in time be aggraded just as its predecessors 
have been. With each shift of the channel, the old channel and its 
bordering plain constitute the new flood plain of the stream. The 
line of most rapid deposition shifts with the shifting current. The 
alluvial material would be coarser along the line of the current, and 
finer on the flood plain adjacent Any point in the valley might be 
receiving now coarse, now fine debris, the one over the other, A 
-cross-section of such a valley train might show, by the nature of its 
materials, various positions which the main current occupied during 
the process of aggradation. This is diagrammatically represented in 
Fig. 5. 




mg. 6. 

DlagtuumRtlc crou-sectlon of an aggnded valley In nhlch the Etream shifted iit coune 
m&ny tlmee )□ the procera of sggTadB.tIoii, a« depositing streaiai are known to do. The couser 
■DHterlali In the Tsrlous poalttona. from below upward, rspresetit the aucceslve sites of the 
cbannel, two cbaanela being represented In the lust sMge. lu uatuTe, the Ehfftfnge of the 
chaDDd are much more frequent than here represented, to that the eo&rae materials marfclog 
of the cbaoaels da not remain BO dlatinctl; Beparated from each other. 
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Because of its own work in aggrading its channel, therefore, ft 
depositing stream is forced to meander in its own valley. Although 
with each change of position the cnrrent seeks the lowest path acces- 
sible to it, the lowest path accessible at any stage is higher than that 
aooessible at any earlier stage. Thus the stream's flood plain gradu- 
ally rises by the a^radation of the valley bottom all along the line 
where deposition is taking place. 

It is probable that the actual process of aggradation in the case of 
valley trains was somewhat lees simple. A stream which is (grad- 
ing its valley is likely to branch, as do delta-bntlding streams. The 
distribntaries given off follow, severally, the history sketched. In- 
stead of one stream meandering in its valley, therefore, there was 
probably often a network of streams, joining each other and parting 
oompany at irr^ular and inconstant intervals. In this case the 
etmctare of the aggraded plain would be slightly different from that 
in the cases previously described, since many streams, rather than one, 
were concerned in its construction. The coarser materials would be 
deposited along the lines of the swifter currents. Since they fre- 
quently shifted their positions, the distribution of coarse material 
would also vary. The structure of the valley train would be more 
complex the more the stream branched. This complexity of structure 
is that which characterizes the valley trains of gladal gravel and sand. 
A further element of complexity arises from the fact that even an 
aggrading stream may be temporarily and locally a cutting one, ever 
and anon removing some of the deposits already made, but ultimately 
replacing them by others. 

During the ice epoch the conditions for the aggradation of valleys 
leading from the moraine were exceptionally favorable. Large 
volumes of water, heavily laden with glacial debris, coursed throngh 
them. The valleys were filled to considerable depths. In many 
cases their rock bottoms, which mark the downward limit of pre- 
glacial erosion, lie many feet below the sur&ce of the present gravel 
plains. 

At the close of the ag^adation, it is probable that the sand-and- 
gravel valley trains were essentially fiat, but furrowed with a more or 
less complicated network of shallow channets occupied by streams 
which may have united so as to cover the whole of the plain in time 
of flood. During each fiood it is probable that the courses of these 
minor streams were altered. 
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THE DELAWABB VALLEY TRAIN. TBEHTON GRAVEL. 

Although the age of the Delaware valley gravel train has giveo 
rise to mach disGussioD at one time and another, there can be no 
doubt that the gravel of which it is composed was deposited as 
sketched above during that stage of glaoiation when the ice edge stood 
near Belvidere. The process of deposition at and below Trenton may 
have been somewhat different, as will l>e noted later. It is proposed 
to discuss in detail the questions involved in the origin, distribution, 
and relations of various parts of the Delaware valley gravel at an 
early day, together with a historical sketch of opinion concerning it. 
Many of the data for such discussion are already collected. A few 
pages only will here be given to the subject. 

Development of terraces from flood plaint. — The Delaware gravels 
are believed to have once formed a continuous plain or train of valley 
drift, stretching (rota the moraine just below Belvidere down to and 
beyond Tryiton, on the New Jersey side of the river. But this plain 
is no longer continnous. When the ice retreated &om the position of 
its terminal moraine, the glacial waters left their burden of debria 
higher up the valley. When the ice had receded so far to the north 
that the river was no longer burdened with debris irom the glacier 
as it flowed through the flood plain made while the ice stood 
at Belvidere, it set to work"to carry away the material which had 
been temporarily laid by in the flood plain during the time it was 
overloaded. In this task it'was perhaps aided by a gradual eleva- 
tion of the upper portion of the drainage basin of the Delaware as the 
ice receded, an event which would accelerate the velocity of the 
stream, and therefore increase its erosive power. This sn^;eBtion is 
not made on the basis of facta observed in New Jsrsey, but because the 
movement here referred to is known to have taken place in correspond- 
ing latitudes subsequent to the close of the glacial period. In the work 
of removing the filling deposited by the glacial stream the river has 
since been engaged. Where the preglacial valley was narrow, and 
where the gravel plain was therefore narrow, all or nearly all the 
grave! has been removed, as at Phillipsbnrg, a short distance south oi 
Phillipsburg, one and a half miles south of Carpentersville and three- 
fourths of a mile south of Kingwood station. It frequently happens 
tliat traces of the gravel remain scattered over the valley slopes, even 
where there is no recc^izable part of the old plain. In this case the 
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indez of the height of the old plain ie the limit of scattering pebbles 
of glacial age od the slopes of the valley. 

Where the valley was wider, the gravel and sand have frequently 
been mainly or wholly removed from the one side, leaving some rem- 
nant of the gravel plain on the other. Thus at Hntohinsons, just 
north of Riegelsville, one mile south of Holland statioD, and at 
several points between Tumble and Trenton, the terrace has been 
removed from the left bank of the river, while it atill remains on the 
Pennsylvania side. 

Remnants of the terrace still remain with equal frequency on the 
New Jersey side of the river where they are wanting on the opposite 
side. This is tme at Hatchinsons, Carpentersville, Milford, Tumble 
and Byram, as well as at other points. In other situations gravel 
still remains on both sides of the valley, as at Trenton. 

Id the progress of d^adation which succeeded that of i^radation, 
the river lowered its channel to such an extent that its waters no 
longer covered the glacial flood plain, even when the stream was- 
flooded. The glacial flood plain then became a terrace, Where the 
stream's course chanced to be on one margin of its flood plain at the 
time it was changed from a depositing to a cutting stream, the old 
flood plain remained as a terrace on the opposite side of the valley 
only. If, when the stream bc^an to cut into its glacial flood pliun,. 
its course chanced to be in the center of the valley, or remote from 
either margin of the glacial flood plain, remnants of Uie same would 
remain on both sides of the new channel, as bordering terraces. 



magma showtng croaB^eotion of ui aggraded TsUe; after soma of tbe filling has been- 
lemoved. The original level of the valley lialn. a a, it aov a tenac«, Wlov which tbe Kieam 
haa developed a new flood plain, A b. The itieam is confined to ihe channel between b and b' 
except in time of floodl 

Secondary terraces. — Id process of time, the lowered channel' 
developed secondary flood plains at various levels below that of the 
glacial flood plain. Still later, as tbe river sank its channel so low 
that at any given point its waters no longer covered the new flood 
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I^D ID time of flood, this flood plain became a terrace. Thus in 
poefglaoial time arose aeoondaiy terraces below the l&rtA of the 
original glacial terraces. 



DlAgiun illoatnttng the developmeDt ol teconiaiy tamcea. Through erotion. the Mreatn in 
the center of the yaller (Fig. 6) has euDk its channel bo low that the old flood pl&In (b b, Fig. 
A) hu now become ntenace (A b, Fig. Ti, vblle the stieun runs u a lotrer level and is develop- 
log a new flood plain OD either Bide of lU channel. 




Since these lat«r secondary terraces were made during the time 
when the river was less flooded, and therefore less swift than when it 
was discharging water from the edge of a melting ice-sheet, the 
material of the lower flood plains, or the material of their surface 
parte, at any rate, is finer than that of the higher terrace. This would 
be likely to be true of all the material deposited by the river on the 
lower flood plains while these were developing, but not of the deeper 
parts which were deposited in glacial days, and which have not been 
removed. In some situations, two or three secondary terraces occur 
below the original terrace of glacial age. These simply represent 
successive flood plains. Thus at Martin's creek, above Phillipsbui^, 
there are three terraces,* or remnants of them, twenty-three, thirty- 
•three and eighty-five to ninety feet, respectively, above the river. 
The highest represents the glacial terrace. The thirty-three foot 
■terrace represents a flood plain of the river where it had sunk its bed 

'Survej made bj Asher AtkiuBon. 
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fifty-odd feet into the glacial flood plain, while the twenty-three foot 
terrace represents a still later stage in the biBtory of poetglacial d^ra- 
datioo. It will be observed that between the time when the river 
flowed at the level of the highest (glacta!) terrace^ and the time when 
it had developed a flood plain at the thirty-three foot terrace level, it 
had lowered its channel nearly twice as mnch as it has in all sabse- 
qaent time. It wonld not be safe to oondnde, however, that the time 
between the formation of the ninety foot terrace and the thirty'three 
foot terrace was to the time since the fomaation of the latter, as two 
to one (67 : 33). But it would be safe to conclude that the thirty-three 
foot terrace is considerably younger than the glacial terrace. The 
twenty-three foot terrace is, of course, still yoanger. Considerable 
stretches of terrace at abont this level occur along the river, and cor- 
respond with what is often known in other r^ons as "second' 
bottoms." In extreme floods, within the memory of living men, the 
water has covered many of the terraces eorrespondiog to this level.. 
It is therefore very young, relative to the glacial terrace. 

Among other points, secondary terraces may be seen three-fourth» 
of a mile south of Martin's creek, one mile north of the bridge at 
Fhillipsburg, below Holland station, at Frenchtown, Stockton and 
Titnsville. They are often much wider than the upper glacial ter- 
race, which is at many points alt<^ther wanting, or represented only 
by traces of gravel on the hillside oonstderably above the lower, sec- 
ondary, postglacial terrace, as already indicated. The superfidal 
parts of the secondary lower terraces are almost oniformly of finer 
material than the uppermost. Since only the superficial parts are 
commonly ezpoeed, the lower terraces sometimes appear to be some- 
what sharply contrasted with the upper in constitution. 

It ba9 frequently been remarked that the levels of the terraces do- 
not match each other in such wise that they can be regarded as parts 
of a connected whole. But if we interpret rightly, the apparent dis- 
crepancy lies in the futit that the attempt has been to put the primary 
and the secondary terraces together. It is manifest that they cannot 
agree in height. The remnants of the original terrace should be found 
to be consistent with each other, in the matter of elevation, and wa 
believe they are. In the secondary terraces, on the other hand, a 
regular system can hardly be expected, since they may have been 
formed in different parts of the valley at different times, and there- 
fore when the river was at diSerent levels. 
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One interesting feature of the surface of the terraces ehould be 
mentioned. At several points where a boea of rook rises above the 
gravel plain, a low ridge of gravel stretches ofE down the valley from 
it. Similar ridges are sometimes found below a projecting point in 
the binff. Some of these little ridges run to a point down the valley, 
while others spread out like a fan. Such a ridge of gravel occurs 
two and a half miles south of Martin's creek, below Harmony sta- 
tion. The ridge has a length of about a mile, and like all sach ridges, 
is higher near its upper end. Again jnst north of Phillipeburg, where 
the v^ley widens suddenly, a similar ridge stretches southward from 
the projecting point of gneies. This spur is on a lower, not on the 
■highest, terrace. This spur is twenty-two feet high at its upper end, 
and tapers to a point down the valley. It has a length of about thirty 
-rods. This is h^ber than most of the spurs or ridges, and has a 
steeper slope. 

A mile or so above Carpentersville another gravel spur upon the 
.glacial terrace leads off from the projecting point of the rock bluff, 
where the latter recedes from the river. Another spur of gravel 
occurs a mile or so above Lambertville, stretching sonthward again 
from a projecting rock spur. It is traceable for more than half a 
mile, being highest and most narrow at the north, and widening and 
'flattening to the south. Similar spars of gravel are known on the 
Pennsylvania side of the river as well. These gravel ridges and 
their relationships were made out independently by Messrs. Knapp 
and Whitson. 

In general, the terrace is composed of much coarser material near 
the moraine than further south. It grades from very coarse gravel 
(stones six to twelve inches in diameter abundant) near the moraine 
to fine gravel further soatb. Bowlders, however, are liable to occur 
at any point. They are far from rare at Trenton, as may be seen at 
the gravel pits. These bowlders were doubtless carried to their present 
position by icebei^ floating down the flooded river. 

Height and slope of the Delaware valley gravd irain. — ^The alti- 
tude of the original valley train of last glacial age can now be deter- 
i^ined at various points by the remnants which still remain m the 
-form of terraces. The altitude of the south end of this valley plain 
at Trenton is now about sixty feet. The altitude of the plain near 
the northern terminus, between one and two miles below the moraine 
'South of Belvidere, is about 300 feet The plain just below the 
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moraine is therefore about 240 feet higher than its sonthern part at 
Trenton. The distance between these two points is about sixty miles, 
A regular decline from a point two miles below the moraine, to Tren- 
ton, would therefore give an average fell of about four feet to the 
mile, measured on the sarfece of the terrace, if it were cootinuous. 
The decline is, however, much more rapid near the moraine than 
further down the valley. Measurements by Mr. Atkinson give 300 
feet for the altitude of the terrace at Bozbnrg station, about two 
miles below the moraine, and 230 feet for the corresponding terrace 
at Phillipsbui^, ten miles further down the valley. This indicates 
sn average decline of seven feet per mile for the first ten miles, the 
first two miles of the plain being omitted in the calculation. Between 
Phillipsbnrg and Holland station, a distance of about twelve and a 
half miles by the oourse of the valley, the surfaoe of the terrace 
declines irom 230 feet to abcnt 175 feet, or an aver^;e of about four 
and a half feet per mile. Between Holland station and a point 
fourteen miles below, near Byram, the surface of the terrace has 
declined from 175 feet to 120 feet, or rather more than three feet per 
mile. From the last point to Trenton, a distance of about twenty- 
two miles, its decline is about sixty feet, or about two and three- 
fourths feet per mile. 

If the terrace remnants of the old plain be measured in terms of 
their elevation above the river adjacent, instead of in terms of elevation 
above the sea, instructive results appear. Between Koxbui^ and the 
upper part of Phillipsbnrg the river has a fell of fifty feet, white the 
gravel plain declines seventy feet in the same distance. From this it 
follows that the terrace at Rozbnrg (ninety-five feet) is about twenty 
feet higher than that at Fhillipsbui^ (seventy-five feet), as compared 
with the river. In other words, the terrace has declined two feet per 
mile faster than the river. Between Phillipsburg and Holland sta- 
tion the river falls thirty-five feet, while the terrace declines fifty-five 
feet. The terrace at the former place (seventy-five feet) is th^^ore 
about twenty feet higher than that at Holland station (fifty-five feet), 
as compared with the river. The terrace here declines about one and 
three-fifths feet per mile faster than the river. Between Holland 
fltation and Byram the river has a fell of about fifty feet, while the 
terrace declines about fifty-five feet, leaving the terrace only five 
feet higher at the former point (fifty-five feet) than at the latter (fifty 
feet), as compared with the river. Through this part of its course 
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the river therefore deolioes leea than one-hatf foot per mile faster than 
the terrace. Between Byram and TrentoD the river falls ahout siztj 
feet, while the terrace decliaes about the same amount. Hence at 
these two points the river and the terrace sustain eesentially the same 
relation to each other in point of altitude. Between Belvidere and 
Trenton, the river therefore has a less fall, b; aboat forty-five feet, 
than it bad in that part of the last glacial epoch when the valley 
train of gravel was completed, if there has been no differential chaoge 
of level in western New Jersey since that time. 

Southvxird limit of the Trtmion gravel. — On the New Jersey side of 
the river, the Trenton gravel, as tbb terrace material has been called,- 
is not distinctly traceable below the southward bend of Crosswicks 
creek, about three miles below Trenton. Below this point, traces of 
the same sort of gravel are seen at various points, but they are for the 
most part traces only. At many points occasional pebbles of what 
appears to be Trenton gravel glacial origin) are found mingled with 
a much lai^r quantity of gravel derived from the older " yellow- 
gravel" formation, but which is believed to have been worked over, 
mingled with the glacial gravel, and deposited anew in the valley in 
or since glacial times. 

Among the localities south of Trenton where traces of the Trenton 
gravel have been recognized, chiefly by Mr, Knapp, the following- 
may be mentioned : Three-fourths of a mile west of Kinkora, on the 
west bank of the creek, at an elevation of about thirty feet; in the 
west part of Florence at about the same level ; a mile southwest of 
Florence, and at other points in the vicinity a little further south ;, 
along the bank of the river from the mouth of the creek tributary to 
the Delaware below Florence, to East Burlington, but not known to 
extend back from the bank north of East Burlington ; in the south 
part of Burlington at an elevation of about ten feet ; at various points' 
between Burlington and Riverton and Palmyra, at levels correspond- 
ing with the last. At some of these points, the evidence that what ap- 
pears to be Trenton gravel really is such, is not altogether satisfactory. 
It is evident, both from its composition and disposition, that that part 
of the gravel which lies south of Bordentown is somewhat different in 
character from that above, and that it has had a somewhat different 
history. It is not yet clear how far this gravel is fluviatile and how- 
far estuarine (ice perhaps aiding in its transportation), how far it i» 
glacial in age, and bow far postglacial. 
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On the Fennsylvania aide of the river, the Treoton gravel is foaod 
further south, although its limits are b7 no meaDS clearly defined, 
Mr. WhitaoD has ^ven some attention to the diatribntion of the for- 
mation on this side of the river, and the following points are given 
lai^y on the basis of his determinations. It is exposed at various 
points along the line of the Pennsylvania road for a distance of five 
miles below MorrisTille, opposite Trenton. It extends back from the 
river a little below Fallsington for a distance of fully fuur miles. 
Two and three-fourths miles southwest of Fatlsingtoa it is said to be 
sixteen feet deep, and to rest on a sharply-defined surface of stiff 
day. The gravel is here composed in part of yellow gravel mixed 
with much that is of glacial age. Beyond Mill creek the limits of 
the gravel beoome ill-defined. On Tnrkey hill, three or four miles 
southwest of Trenton, the Trenton gravel appears to extend np the 
slopes to an altitude of aboat fifty feet, although the main body of the 
hill is of other material. In the vicinity of Bristol the Trenton 
gravel may be seen on the rivei bank at various points. It is also 
exposed in the upper part of a pit one and a half to two miles south 
by west of Bristol, a short distance south of the railway. Its height 
here is about thirty feet. The lower part of the pit shows gravel of 
greater age, mixed with that of later date. A half mile from the 
river, at Dunk's ferry, at an elevation of lees than twenty feet, 
gravel similar to that further np the valley may be seen. Below this 
point there are some traces of it, to Tacony at least. But such ele- 
ments of sand and gravel as have the aspect of aqueo-glacial forma- 
tions are so far exceeded by material of other sorts that their identi- 
fication as Trenton gravel, on the basis of constitution, is a matter of 
nncertainty. From the standpoint of topography, it is reasonably 
certain that ihe low plain bordering the river much further down 
stream is Ihe time equivalent of the Trenton gravel terrace. The 
islands in the river appear to be made up lai^ly of Trenton gravel 
material. This material is, however, lai^ly sand instead of gravel. 
Burlington island has more gravel than the other islands. How far 
these low-lying Trenton gravels may be in secondary position, and 
therefore postglacial, has not been determined. 

Hitman relies in the Trentwi gravels. — It is no part of the present 
purpose to discuss the question of human relics in relation to these 
gravels, further than to say that no human relies of any sort have 
been found by any member of the present survey in the terrace of 
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glacial age. This te8tiniOQ7 is parely n^ative, and farthermore has 
Jittle significance even as negative testimony, since no especial search 
tiBS been made for the objects in question, although oar eyes have 
•been open for them, whenever fresh exposures have been seen. In 
■one of tlie secondary terraces, between Raubsville and Riegelsville, 
Pennsylvania, however, not much above the present dood plain of the 
viver, artifidally-chipped stones were seen by the writer, in eompany 
-with Messrs. H, C. Mercer, W. H. Holmes and Charles Laubbach, 
in trenches which Mr, Mercer had caused to be opened for the pur- 
pose. But the terrace in which these chipped stones were seen cannot 
be very old. Its surface parts, at least, where the chipped stones 
were seen, are in origin very much nearer the present time than the 
dose of the last glacial epoch, as the relation of the terrace to the 
glacial terrace above, and to the river below, shows. 

This relaUoQ of chipped stones makea pertinent the suggestion that 
in all future investigations of tlie question of the relation of human 
relics to the Delaware gravels, the retic-bearing gravels and sands 
themselves should be carefully studied, with a view to determining 
whether they are really of glacial age, or whether they are parte of a 
secondary terrace of much less antiquity. It is hardly necessary to 
remark that even if human relics occur in postglacial terraces, this 
does not at all touch the question of paleolithic man, oonceming which 
there is so much difference of opinion. It touches only the question 
of gUdal man, and this only indirectly, for the existence of human 
relics in postglacial terraces does not at all disprove their existence 
in terraces of glacial age. It may be added further, that if no human 
relics whatsoever be found in undisturbed glacial gravels, their absence 
constitutes onlyn^ative evidence against the existence of glacial man, 
and negative evidence in such a case could probably never be demon- 
strative. Reference is here made to the Bubject of human relics only 
for the purpose of calling attention to the necessity of determining 
accurately the age of the formations in which they occur, before any 
trustworthy generalizations can be made touching their bearing on the 
question of man's antiquity. Attention is also called to the ease with 
which relica in secondary terraces might be referred to glacial terraces, 
and to the general fact that human relics may be found in stratified 
and undisturbed gravel or sand which is not of glacial age, in a vall^ - 
which contains gravel and sand known to be glacial, and that in this 
case the relics do not afford the slightest evidence of man's existence 
in glacial or pr^lacial times. 
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SECTION VIII. 

■ TRENTON GRAVELS OUTSIDE THE DELAWARE 
YALLEY. 

In Uiis connection brief mention will be made of some further 
occonencea of the Trenton gravel oatside the Delaware valle7, in 
relations which may throw some light on various questions connected 
with the glacial drainage of New Jersey. 

Aside from the nnexpeotedly abrupt cessation of the well-defined 
Trenton gravels a tittle below the city whose name they bear, there are 
other anomalons features in their distribution. A good deal of atten- 
tion has been given to this point, and many data accumulated which 
will be made nse of in a later and fuller discussion of the Trenton 
giaveb. But enough will here be said to indicate the nature of the 
problems which this distribution involves. 

Instead of being restricted to the immediate valley of the Delaware, 
the Trenton gravels spread over a considerable area to the east and 
northeast of Trenton, though in the immediate vicinity of the city 
they do not rise much above sixty feet Thtsy cover moat of the sur- 
face which lies below that level. 

In the Ataanpink valley. — The Assanpink creek, coming in from 
the nortbaast, joins the Delaware at Trenton. Its coarse lies through 
a low belt, which, as far as Baker's Basin, nowhere rises to the sixty 
foot contour. Indeed, the belt which is less than sixty feet above 
the sea, has a considerable width adjacent to the creek. Just below 
Baker's Basin the course of the Assanpink (followed up stream) turns 
to the east, while from the northeast, in line of projection of the lower 
course of the Assanpink, the Shipetankin creek joins it. The juno- 
don of the Shipetankin with the Assanpink is lees than four miles 
from Stony brook, at Port Mercer, and nowhere along this line be- 
tween Fort Mercer and Trenton does the surface rise above sixty feet. 
Where Stony brook and Shipetaukin creek approach each other most 
closely, they are only about one and a half miles apart. 

Four miles below its abrupt change from a southerly to a northerly 
course, Stony brook joins the Millstone near Princeton, and the Mill- 
stone finds its outlet through the Baritan into Baritan bay. Between 



id by Google 



116 . ANNUAL REPORT OF 

Trenton and Raritan bay, therefore, there is a passage b)r way of 
Assanpink and Shipetankin creeks, Stony brook, the Millstone and 
Raritan rivere, no part of which riaee above the level of the glacial 
graveU ai TrmUm. 

The low belt from Trenton to the Raritan Is a tolerably direct one, 
its conrse being northeast by north from the Delaware, It will be 
readily seen from the map accompanying this report and showing the 
drainage lines of the State, that the bend in the conrae of Stony brook 
at P(H^ Mercer is a remarkable one. It is below this bend that the 
brook forms a part of the passageway just located. The land between 
the bend of Stony brook and Shipetaukin creek is low and marshy. 
Until prevented by artificial means, this intervening marsh is said to 
have drained in both directions in time of high water. At this point, 
therefore, the present water-shed between the Delaware and the Rari- 
tan, except in 80 far as interfered with by human f^enoiea, is no more 
thiui a marsh less than sixty feet above the sea and yielding water to 
both systems. 

Up the Assanpink, above tlie junction of the Shipetankin with it, 
the land bordering the stream does not rise to an elevation of sixty 
feet, until a point a mile or more above Lawrence station is reached. 
In harmony with the correspondence in level of the Trenton gravel 
at Trenton and this low area to the northeast, the Trenton (glacial) 
gravel is fonnd extending up the Assanpink valley above the jonction 
of the Shipetaukin. It is well exposed near Baker's Basin, at an 
altitude of sixty feet. Following up the Shipetaukin, it appears at 
more than one point, and in the vicinity of Fort Mercer, near the 
sharp bend of Stony brook, Trenton gravel occurs in the form of a 
distinct bench or terrace, rising somewhat above the sixty foot contour 
line, but not reaching the seventy foot contour. At Port Mercer 
there is known to be at least fourteen feet of gravel, all of which is 
reported to be like that at the surface, which, in character, corre- 
sponds with the gravel at Trenton. 

in the valleys of Stony brook and the MUltUme river. — Following 
down Stony brook below its bend, the same gravels are found almost 
continuously, in quantity sufficient to be traceable, to a point southeast 
of Princeton, where they occur fully up to the seventy foot contour 
line. Beyond this point traces of the same gravel occur to the point 
where Stony brook joins the Millstone. To the southeast, above this 
junction, the Millstone valley is below sixty feet in elevation. The 
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Trenton type of gravel is found to run up ibis valley from tte point 
of junction with the Stony brook, to the point where the brook from 
Bear Bwamp comes in. Above this point it has not been found, and 
probably does not exist. Up the Millstone valley, from the point 
where Stony brook joins it, the gravel does not reach above the sixty 
foot oontour, and not always up to it. 

Down the Millstone, from the point where it is joined by Stony 
brook, there are the merest traoes of Trenton gravel until Kingston 
is reached. Just below this point, Trenton gravel occurs np to the 
sixty foot contour line, at teaat (Knapp). North of Kingston, meager 
traoes of the gravel have been fonnd at various points. One mile 
above Gri^stown, it is found at an altitude of seventy feet (Knapp). 
From this point to East Millstone, traces of the gravel are fonnd at 
levels not varying greatly from those already noted. Between East 
Millstone and Weston the gravel is continued, here largely mingled 
with local (red shale) material. At the railroad crossing near HilU- 
boro, three miles southwest of Bound Brook, there is a deep exposure 
in gravel of similar obaract«r, the red shale of the vicinity contributiug 
generously to its make-np. In this vicinity the gravel plain has a 
oonsiderable development. To the west the same type of gravel con- 
tinues up the Raritan to Somervillfi. It is also continnoua to the 
north-east with the glacial sand-and-gravel plain at Bound Brook, 
except for the interruption caused by the Raritan. The plain at 
Bound Brook is continaous with the overwash plain at Plainfield. 
Near Bot^nd Brook its maximum elevation is about sixty feet 

Along the Millstone, beet seen in the vicinity of East Millstone, 
there is sand and sandy loam extending considerably above the traces 
«f Trenton gravel. It has the general aspect of the sand associated 
with the newer drift. In one place it has been observed to reach the 
height of ninety feet above tide, though it rarely rises above seventy 
or seventy-five feet Above fifty or sixty feet, pebbles have not been 
seen to be aaaotuated with the sand. Its limits are ill-defined, and it 
certainly rises much higher at some points than at others closely 
associated, where conditions for its existence seem equally favorable. 
It is altogether poesible that its irr^nlar distribation is the result 
-of wind-work, operating upon an aqneons sand which was originally 
limited to a level below that which the sand now reaches. 

In the Sant<m vaUey below the MiUttone. — Down the Baritan from 
Bound Brook, traces of gravel of the same character are found at 
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several points before New Brunswick is reached. It is nowhere 
obtrusive, and nowhere fornts a distinct terrace. But unmistakable 
traces of it occur at various points on the south side of the river, be- 
tween Bloomington and New Bmnswiok, and more rarely on the 
north side of the river, up to elevations of ahont sixty feet. On 
both sides of the river, the indabitahle occurrences of the gravel are 
several miles above New Brunswick. Just below New Brunswick, 
on the north side of the river, traces of the same gravel are dis- 
tinctly recognizable for a mile or more below Highland Park, at 
an elevation of about forty-five feet. 

From this distribution, if we are right in our determinations, it 
will be seen that the Trenton gravel has a traceable presence betweea 
Trenton and Raritan bay, unless there be a slight interruption jast 
above New BrnnBwick, 

HjipoUuaea to aeooutU for the distribution of the IVenion graveL — - 
To aooonnt for this distribution of Trenton gravel several hypotheses 
have been framed and considered, but no poeitive conclusion has yet 
been reached. Farther stady, we are confident, and especially critical 
determinations at a namber of significant localities, will enable us to 
arrive at the true explanation. But meanwhile it may not be un- 
profitable to point out some of the poseibiltties of the case. 

1. So soon as the existence of the gravel along the course of the 
Millsttme was known, it was at once thought that in preglacial and 
glacial time the Baritan river might' have had a course up the Mill- 
stone to the mouth of Stony brook, thence up the Stony brook valley 
to its bend, and thence down the valleys of the Shipetaukin and 
Assanpink creeks to the I^aware river at Trenton, and that this 
stream brought from its upper courses the Trenton (glacial) gravel. 
There are many features of the region, pardcnlarly some details con- 
oemiog the courses of rivers, which would be consistent with tbiS' 
hypothesis. But when the valley of the Raritau above Somerville is 
examined in detail, it is found that the gravel occurring along the 
Millstone has no counterpart in the valley of either branch of the 
Baritan. While the valleys of both branches of the Raritan have 
more or less gravel, it belongs to' another category, and is not to be 
mistaken for gravel equivalent to that at Trenton. Neither branch 
of the Raritan seems to have been the avenne of any notable glacial 
drainage, in the last gUcial epoch. The hypothesis that the Mill- 
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stone-Stony brook-ShipetAukin-AssaDpink gravel came down the 
upper branohee of the Baritao, was therefore set aside. 

2. On the supposition still that until and during the laet glataal 
epoch the Baritan ran up the Millstoue valley from the point of their 
present junc^nre to the month of the Stony brook, thence np Stony 
brook to Port Meroer, thence over to Shipetankin creek, and down this 
creek through the Assanpink into the Delaware, it was thought that 
the gravel might have entered the valley from the Flainfield region, 
through Sound and Green brooks, tributaries to the Raritan from the 
northeast On this supposition, ae on the other, the present Baritan 
valley, from SloomGeld down, was not the course of the Rantan 
river earlier than late glaciak times. 

There seem to be three more or less serious diffiouUiee in the way of 
accepting this hypothesis. The first is that the Plainfield plain of gla- 
cial gravel becomes chieSy saud before Bound Brook is reached, while 
the material further down the supposed valley (up the Millstone) is 
sometimes coarser than that further north. The material should 
become finer with increasing distance from the ice edge. This diffi- 
cnlty is perhaps not so great as it seems, since something of the seem- 
ing coarseness in the glacial gravel of the Millstone valley is due to 
gravel of local origin, and not to glacial gravel which might have 
oome down from the Plainfield r^ion. Over the Plainfield plain, 
too, the overwash may have been finer, while down the main line of 
discharge, where the current was strong, coarser material may have 
been carried. 

The second difficulty is that the level of the gravel far down the 
supposed valley (up the Millstone), as at Kingston, is rather higher 
than that at Bound Brook, while that at Trenton, fully thirty miles 
from the Raritan by the course of the valley, is equally high. This 
is not neoeasarily fatal to the hypothesis, since postglacial warping of 
the sorface might have changed the original continuous decline from 
Bound Brook to Trenton, in such wise that the gravel at the latter 
place is now as high as that at the former, while at intermediate posi- 
tions, as near Princeton or Kingston, it might be higher or lower than 
either. 

The third difficulty is that at least a trace of gravel which quite 
certainly seems to be connected with the last glacial drainage, occurs at 
similar elevations at some points down the present coarse of the Kari- 
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tao below Bound Brook, to a poiot beyoDd New BrauBwick. If the 
Karitan formerly went down to Trenton, and if the stream waa first 
diverted to ita present course below Bound Brook in late gladal or 
postglacial time, it might be conceived that the traces of gravel along 
the river from Bonnd Brook to New Brunswick and beyond, were 
deposited by the stream in postglacial time. Bat there are serious 
difScolties in the way of this suggestion. If this were the history, it 
would seem probable that a email stream flowed through what is now 
the lower valley of the Baritan, before the Baritan was diverted to it. 
By head erosion this minor stream might have worked back until it 
tapped the Baritan above Bound Brook, at the point where it turned 
up the present course of the Millstone. In this case, the valley of this 
minor stream at New Brunswick must Imve been a very considerable 
valley, before its head tapped the Baritan at Bound Brook. If, then, 
the Baritan were diverted, its waters might have flowed at a level of 
sixty feet immediately below the point of diversion, but they would 
hardly have been expected to flow at an altitude of forty-five feet a mile 
or more below New Brunswick. From the presence of last glacial 
gravel in the Baritan valley below New Brunswick at an elevation of 
forty-five feet, we are led to believe, therefore, that the Baritan's 
course from Bound Brook to Baritan bay may not be the result of 
postglacial piracy at the hands of a stream flowing into Baritan bay. 
The outlet by New Brunswick to Baritan bay might have been 
brought about in another way. If the glacial waters aggraded the 
old course of the Baritan to such an extent as to raise the flood plain 
in the vicinity of Bound Brook to the level of the divide separating 
the valley from the sea to the east, the waters might have flowed over 
this divide, as well as down the old valley (up the Millstone). In 
this event the eastward-flowing waters, having a much shorter conrse 
to the sea and an equal amount of fall, must have had a much higher 
gradient, and must therefore have had a higher velocity. They 
would then possess greater catting power. The softer nature of the 
rock along this course would have facilitated the work of deepening 
the new channel. This line of outflow would have gradually secured 
the advantage of the other, and finally would have carried all the 
water in this direction. If this were the history, the third difficulty 
mentioned above would be avoided. The others would remain, but 
neither seems to be insurmountable. 
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3. If the central part of the State were depressed aiity or seventy 
feet, tide-water ooald p&ee from Raiitan bay to Trenton. Glacial 
waters dischai^ng into the strait thas formed woald bear in gravel 
and sand, which might be diatribated as we now find it. If thie were 
true, we should have a rational explanation of the oeasation of the 
Trenton gravel as a distinct river terrace at some distance above the 
month of the Delaware. While deposits of equal age must have been 
formed in the estuary further south, they would be somewhat unlike 
tboee of the valley above. They would be, on the whole, of finer 
materials and of more heterogeneous composition, sinoe mingled with 
the Delawareriver (glacial) detritos, there wonld be such material as the 
waves along the estuary had access to, and such material as minor, non- 
glacial streams, might bring in. If this were the explanation we should, 
it would seem, find the shore lines of the old estuary. These have not 
been found, nor is there anything in the topography which seems to 
^ve decisive evidence of such a submergence as the hypothesis here 
suggested necessitates. In the constitution and structure of the plain 
of equal age with that at Trenton, but further down the stream, there 
are some features which lend color to the hypothesis here under con- 
sideration. But nothing of an altogether decisive nature has been 
found. The presentation of all the data now in band bearing on this 
point will be reserved for another disonssion. 

If this be the correct interpretation of the phenomena, we find an 
explanation of the occurrence of Trenton gravel np the Assanpink for 
a short distance above the junction of the Shipetaukin, and np the 
Millstone a little beyond its junction with Stony brook. In both 
cases the distribution of the gravel would indicate that the tidal cur- 
rent through the strait, if such there were, came from the northeast, 
and advanced to the southwest. At two points at least between the 
Baritau and Baker's Basin, there are iow ridges or spdre of the 
Trenton gravel rnnning longitudinally in the valley, which seem to 
point to movements of water in this direction. They are ana]<^ns 
in form and in relationship to the spurs or ridges of gravel already 
referred to in the valley of the Delaware above Trenton. One of 
these ridges stretches southward from a boss of gneiss one and a half 
miles south of Baker's Basin. It has a length of half a mile and a 
fall in this distance of ten feet. Small a ridge as this may be, it is 
noticeable in its fiat surroundings, and its likeness to the ridges in the 
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Delaware valley further north is stgniGcaDt. A similar ridge has 
been noticed south of Kingston, partially buried hj sand (Knapp). 

If, during the last glacial epoch, or its aloelng stages, tidal water 
found a passage-way between RaritAn bay and Trenton by the course 
indicated, the Raritan valley for a abort distance above Bound Brook 
would hare been converted into a shallow estuary. Since no glacially- 
flooded stream bearing glacial debris entered the estuary, its deposit 
should be of the slack-water type. Since the surrounding rock is red 
shale, the deposit to be expected woald be a fine clayey earth, com- 
posed largely of red-shale materials, but with some traces of such other 
materials as the river was competent to bring to its estuary, and with 
traces of such loose and coarse materials as may have lain upon 
the sur&ce immediately about the border of the estuary. It should 
be noted that the great filling of sand and gravel at Bound Brook, 
South Bound Brook and Hillsboro, if produced by glacial drainage, 
as indicated on page 119, would have ponded the Raritan above, and 
would have produced like effects in its valley, in the form of slack- 
water deposits. 

At about the point where the sand and gravel of the Plainfield- 
Bound Brook>Hillsboro area disappears to the west, there is such an 
earth as that described above, in the valley of the Raritan, It is dis- 
tinctly laminated in many places, and is limited to abant the same 
level as the sand and gravel at Bound Brook and vicinity. This 
subaqueous surface earth extends up the valley from Findem to 
Raritan and beyond. West of Somerville its surface is a little higher 
than further east Traces of it occur up to the eighty foot contour 
in the vicinity of Raritan. It has a similar disposition when traoed 
up the valley of Peters brook. It may be seen (1) in the brick-yards 
at Somerville, as at Ross' pit; (2) at various exposures along the 
streets up to altitudes of rather more than sixty feet, and (3) in the 
banks of some of the creeks, especially one in the northeastern part of 
Somerville. It was also seen (1392) in temporary exposures on the 
main street of Somerville. 

Some of the sections of this clay deposit are as follows, commencing 
with the uppermost layer : 
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Seeiion in bank of oreek, east part of SomerviUe. 

(3) Five feet of laminated hard red clay coDtainiog occasional 
fomgD pebbles, mostly of yellow-gravel type. The day glazes when 
cut with a trowel. 

(2) Six to eight feet of a very bard, compact layer made up of fine 
particles of red shale, water-worn and rounded, with a generous 
sprinkling of yellow-gravel pebbles, the whole imbedded in a firm 
clay matrix. A large percentage of the red-ehale bits are sharp and 
angular, resnlting from the breaking up of the water- worn fragments. 
The layer contains enough clay to cause it to glaze when cut. Likely 
to be mistaken for red-shale residuary when the exposure is not well 
shown, 

(1) Three to four feet (bottom not shown) of firm, clayey sand, 
cutting smoothly. 

Seeiion oi Soaa' olay'pit, one- third of a mile north of the 
preceding section. 

(3) One to two feet of white or yellow clay (leached). 

(2) Six inches to one foot of stratified red-shale bits and yellow 
gravel. This layer can be traced more or less continuously around 
the pit, but it changes thickness abruptly, 

(1) Nine to ten feet of hard red clay, with a sprinkling of yellow- 
gravel pebbles, and very emaU, rounded red-shale bit^ Glazes when 
cat. Somewhat laminated, but not distinctly so. 

This slack-water deposit is nowhere known to attain a thickness of 
more than twenty feet, and it is generally much thinner. Its thick- 
ness varies greatly within narrow limits. Its existence seems to be 
perfectly consistent either with the hypothesis of a tidal strait or with 
the hypothesis that the Raritan valley was temporarily dammed by 
sand and gravel diechai^ed into it from the north, near Bound Brook. 
Microscopic examination of the clay about Somervilte, with a view to 
determining whether it contains fresh-water or marine diatoms, may 
throw light on its origin. No fossils have been seen in the ciay. 

There is some independent evidence that the land about Raritan 
bay was somewhat lower than now in relatively recent time. It has 
not yet been possible to fix the exact time of this depression, in terms 
of glacial chronology, but there is little reason to believe that it was 
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80 late as the last glacial epoch. ■ The evidence of the lower laod is 
found in certain locally well-defined terracea, which appear to be 
shore terraces, on the south side of Raritan bay, and at a few points 
on the north side. On neither side do the terraces affect the glacial 
drift. The youthful aspect of the terraces, and the finding of a single, 
small, glaciid bowlder on the terrace south of the Raritan, opposite 
Martin's dock, three miles east of New Brunswick, and of an occa- 
sional last glacial pebble on the surface of the terrace near South 
River, would aeem to possibly connect the terrace, and therefore the 
depression which gave rise to it, with the last glacial epoch. But the 
evidence for this connection is confessedly slender, since the last glacial 
pebbles referred to have been found only on the surface, where their 
position may be the result of human transportation. The absence of 
terraces in the glacial drift at Perth Amboy, and along the moraine 
on Staten Island, seem to indicate clearly that the sea has not stood 
notably higher than now at these points since the ice witlidrew. In 
this statement, I do not leave out of mind the plain at New Dorp, 
S. I., which I think is to be otherwise explained than by a post- 
glacial submei^ence. 

On the whole, the evidence does not seem to be alb^ether decisive 
between a tidal current, and a change in the course of the Baritan in 
glacial time, as an explanation of the distribution of the Trenton gravel. 
We incline to the latter. Either explanation would seem to account 
for many collateral facts, particularly concerning the courses and con- 
ditions of the streams tributary to the Baritan drainage system. 
Further study will be given to this problem during the coming sum- 
mer, and its solution, it ia hoped, reached."' 

The preglacial course of the Raritan. — Even if the depression to 
the extent of letting the sea through the valley between Trenton and 
Haritau bay be the true explanation of the distribution of the Trenton 
gravel, it does not follow that the Raritan did not, up to that time, 
find its debouchure at Trenton, If not up to that time, it may have 
done so at some former time. There is much reason to believe that 
this was the fact. But into the discussion of the evidence bearing on 

•After the preceding disciwsion was written, the AddobI Beport of New Jereey for 
1880, heretofore inacceaaible to me, came to hand. In it, I find (pp, 7S, 86 and 88) 
that Prof. Coolc advocated the idea that tidal watere advanced up the Koritan to the 
mouth of the Millstone, and up the Delaware to Trenton, and that a "narrow sound" 
ezisled between Bound Brook and Trenton " in the Millstone depreeuon." 
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this point we will not enter further tban to remark that the valley of 
the Baritan below Bound Brook appears to be a young valley, as 
shown both by the trench-like character of the valley itself and by 
the insignificance (in size) and, therefore, youth of its tributaries, and 
that Bome explanation of the oourse of the low valley belt between 
Bound Brook and Trenton must be had. The pregladal Raritan 
may have been its cause. 

Vail^ trains along other itreama. — In the case of the other streams 
down which valley trains extend, the streams have efifeoted lees erosion 
since the last glacial epoch and the terraces are not so high. In the 
valley of the Mnsoonet«ong at Hackettetown, and for a few miles 
below, there is a trun of gravel. The gravel train heads at the point 
where the moraine crosses the valley, about a mile north of Hacketts- 
town. It has here an elevation of about 600 feet, and forms a flat 
about a mile in width. Its decline is at first rapid, being about forty 
feet in the first quarter of a mile, but quickly becomes more gentle. 
Below the first quarter of a mile the gradient of the gravel train to- 
Stephensbui^, a distance of six miles, is about sixteen feet per mile. 
The river has a &11 of 120 feet, or twenty feet per mile, in the same 
di^ance. The gravel, therefore, is found at greater elections above 
the stream near Stephensburg than farther up stream, if the h^hest 
part of the tnun extending a quarter of a mile from the moraine be 
leA; out of consideration. The gravel in the Musconetcong does not 
constitute well-marked terraces. This, however, is the accident of 
later eioeion. There is abundant drifl in the valley of the Black, but 
it appears to be of th^ nature of overwash, rather than valley train. 
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SECTION IX. 
LAKE PASSAIC. 

In the Annual Report of 1880, Prof. Cook made mention of the 
ezietenoe of a lake in glacial times, in the r^on soathwest of Madi- 
son, including tlie area of tlie Great Swamp. He represented the 
ODtlinee of this lake upon a map, and gave it the name of Paseaic. 
Since that time traces of the lake have been looked for hj various 
geologists, but with negative results on the part of some observers, 
and with meager positive reaults on the part of others. So far as we 
are aware no publication of 1^ results or obeervatioDB has been made, 
though Prof. W. M. Davis gave the writer localities where features 
suggestive of the former existence of the lake bad been noted hj him. 

A priori eontideridiona. — A stud^ of the topc^:rapbio maps makes 
it clear than when the ice of the last glatnal epoch reached its position 
of maximum advance, there was a considerable area southwest of 
Morriatown and Madison favorably situated for the formation of a 
temporary lake. The area thus situated includes the Great Swamp 
and the relatively low area surroonding it. Into this area must have 
flowed the waters from a considerable section of the edge of the ice 
which lay at Madison and vicinity. 

The present drainage from the r^ion is through the Passaic river. 
But in the moraine stage of the last facial epoch, it would seem 
that the Passaic must have been blocked by the ice at Stanley, thus 
preventing the escape of water down this valley. 

In other directions the barriers were even more certain and impass- 
able. On the northwest and west the highlands rise with anbroken 
firtmt to a height several hundred feet above the Great Swamp, On 
the southeast, south and southwest are the great trap ridges, through 
which there are no passes by which the water might have found 
escape fit)m the basin, except at great heights, when the present 
course of the Fassaio was closed by the ice. On all sides, therefore, 
there seem to have been barriers to the escape of the water. This 
condition of things, it would seem, mnst have given rise to a lake 
whose existence would have continued until the ice had receded so far 
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to the north as to open up an outlet to the east or northeast, along the 
present course of the FasBaio. 

The lowest part of the Great Swamp U now lees than 230 feet above 
tide. Three miles west and a little north of Libert7 Comer, at an 
elevation of 331 feet, occnrs the lowest point in the rim of this sup- 
posed basin, providing always that the outlet by the present PassEuc 
valley was closed. It is not easy to see bow this outlet oould have 
been open, and it is therefore not easy to see how the lake oan have 
failed to exist. If the waters filled the boun to the level of the 
Liberty Comer outlet, the maximum depth of the lake must have been - 
more than 100 feet. The water would have occupied the area between 
Second and Third mountains, as well as the area of the Great Swamp 
and its environs. 

The beginning of the lake, if it existed at all, probably dated from 
a time earlier than that of the maximum advance of the ioe. If the 
topt^raphio and drainage relations of the present day correspond 
closely with those of pr^Iacial time, and so far as concerns the area 
of the supposed lake I»sin this seems to have been true, the lake most 
have come into existence when the advancing ice reached the point 
where it blocked the drainage outlet of the Passaic basin. This 
would seem to have been when the ioe reached the vicinity of Pater- 
eon. The river might have kept its course open beneath the ice for a 
time after the ice reached and crossed it, but it would hardly seem 
probable that it oould have done bo during the whole of the period of 
advance from Paterson to Madison. After the lake came into exist- 
ence, the further advance of the ioe would have encroached upon the 
northeastern portion of the lake, disphicing the water and diminishing 
its area nntil it had destroyed all that part of it which lay northeaslr 
of the terminal moraine. When the ice occupied its most advanced 
position, therefore, the lake was at its areal mimimum, if its level 
remtuned oonstant If there was at any time an outlet lower than 
the Liberty Comer noteh it does not now appear. 

As the ice receded from the terminal moraine, it would seem that 
the lake must have increased ite area by occupying that portion of the 
surface lud bare, ao far as it was below the level of the lake. It does 
not appear that an outlet so low as that near Liberty Corner could 
have been found until the ice had receded as far as Paterson, unless 
the water drained out beneath the ice. In this case the extra-morainio 
lake occupying the Great Swamp and its surroundings would have 
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expanded to tlie Dortheast bo as to cover, within the moraiiie, the area 
from BoontoD on the north, to Stanley on the Boatb, and from Mor- 
riBtown on the west to Caldwell on the east. At this time the area 
of the lake would have been more than twice as great as at the time 
of maximnm ice advance. Within the moraine it would have included 
Uie Tro7 Meadows, the Black Meadows, the Great Fine Meadows and 
the Hatfield Swamp, tc^etber with the surrouoding low lande. The 
Great Swamp area of the lake would have been largely separated from 
the area to the northeast by the terminal moraine, whose crest, be- 
tween Morristown and Chatham, would have projected above the 
water as a low ridge. 

Snch, according to the topt^raphy, would seem to be the necessary 
drain^e conditions of the Passaic basin during the advance of the 
ice after it closed the Passaic outlet, during the time of its maximum 
extension, and during the early stages of its recession until the valley 
of the Passaic was again opened. That portion of the lake northeast 
of the moraine must have had a width of nine or ten miles and a 
length of twelve, while the portion southwest of the moraine must 
have had a length of eleven or twelve miles and a maximum width of 
half its length. Its total area at the time of its greatest development 
must have been something less than 200 square miles. 

The marks Lake Paasaia should have left. — When the positive evi- 
dences are sought confirmatory of the existence of the glacial lake 
which a j)rt(n*i considerations seem to warrant belief in, they are found 
to be lees general and less distinct than might have been anticipated. 
It might have been expected that such a lake would leave distinct 
marks of various kinds. Among them the following : 

1. Shore featta-es, — So considerable a body of water was large 
enough to allow the generation of considerable waves, and if its 
existence were prolonged through any considerable interval of time> 
the waves and shore currents ought, it would seem, to have lefl 
indubitable records of themselves. Wave-cut terraces, beaches, spits 
and deltas are among the phenomena to be looked for along the 
border of the supposed lake. 

2, Icdierg depoaiia. — Bergs of ice, carrying stony debris, must have 
sometimes moved out upon the lake. Their burden of drift; should 
be found wherever the bei^ grounded, or wherever melting caused it 
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to be dropped. If the lake existed, therefore, we should expect to 
find oooaeioDal bowldere and other drift deposits up to the levels 
which mark the border of the lake. 

3. Bottom depoaiia. — Bach deposits woald be expected to be more 
abundant, the longer the life of the lake. Over the bottom of the 
lake we ahould expect to find more or less silt and cla7, the only pro- 
duct of the glacial drainage, aside from that transported hy icebergs, 
which vonld have been carried far beyond the border of the lake at 
any particular time. 

There are perhaps other features which should give evidence of the 
former existence of the lake, if its existence were a fact. But the 
featnrea mentioned are those most easily defined and recognized. If 
all of them are present in harmonious relationships, the conclusion is 
certun ihsA Lake Passuc was a fact If the shore features alone are 
present in nneqnivocal development, they are quite sufGcient to estab- 
lish the fact of the former existence of the lake. Neither of the other 
featurea would be in itself so decisive, since each may be simulated by 
tiie prodoots of other a 



THE SHOBE FEATUBEEL 

Several footors influence the strength of development of shore 
features, but especially the strength of the waves, the materials upon 
which they work, and the duration of the lake. Other things being 
equal, the shore features would be most likely to find most distinct 
development where the lake's existence was most protracted. This 
would have been in that portion of the lake beyond the moraine. 
But this was the smaller part of the lake, where waves would have 
been, so far north, less effective. Such shore features as might have 
been developed in advance in that part of the lake basin that was sub- 
sequently filled with glacier ice, would probably have been effaced by 
the ice during its oooupaooy. If the lake to the northeast of the 
moraine were re-formed on the recession of the ice, shore features 
might have been developed. But the duration of this jwrt of the 
lake at this stage may have been brief, so that the development of 
well-marked shore features was not &vored. In any case, the dura- 
tion of this part of the lake during the retreat of the ice must have 
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been much shorter th&n that of the other psrt which lay outside ihe 
monttDe. So far forth, the shore features should be better developed 
-outside the moraioe. 

At the time the ice edge stood where the monuue is now, the lake 
"Would have had a length of about twelve miles and a maximum 
width of six, if it filled the basin to the outlet near Liberty Comer. 
Od the northeast its shore would have been the moraine; on the 
north, northwest and west tlie crystalline schist highland, and on the 
&oathweat, south, and soatheast, the seoond trap ridge. Long hill or 
Third mountain would have been an island, or perhaps a long spur, 
joined only at its eastern extremity to the moraine crest. If the life 
history of the lake were short, the waves on so small a body of water 
would probably not have been sufficiently strong to ^ect great 
results in eroding the crystalline schists or the trap ridges. Wave-out 
terraoes of any considerable extent would hardly be expected. Bat 
terraces built by the waves and by shore currents are often of rapid 
coDstruotion, and might have a very oonsiderable development even 
in a short-lived lake, wherever an abundant supply of detritus was 
accessible to the waves. 

The greatest supply of detritus would manifestly have been on the 
northeast side of the lake, where the moraine formed its shore. Not 
only would the shore have been easily eroded here, but there would 
have been a constant supply of detritus discbai^ed into the lake from 
the ice on this aide. Against the moraine, therefore, we should expect 
a stronger development of shore features than along the highland or 
trap>ridge borders of the lake. The highland border would be a 
more favorable location for the development of shore features than the 
trap-ridge border, both because of a probable greater covering of loose 
material and because of the greater drainage into the lake from this 
side. 

If the strong winds blowing over this supposed lake were more 
commonly from one direction than from others, the waves would 
be stronger on the side toward which the wind was blowing, other 
things being equal. On such side, therefore, the shore feataree should 
be best developed if other conditions were constant 

When the shore features are looked for, th^ seem to be found at 
some points. Bat they are often less distinct, and far less persistent 
than might have been expected, if Lake Passaic had so long an exist- 
ence as the conditions seem to favor. 
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Shore feaiurea along the moraine. — Along the moraine border of the 
sappoeed kke, gravel and sand depoeite, occupying the poeition of An 
overwash plain, have something of a terrace form. From the line of 
jauotion of this border plain with the moraine, the plain slopes grad- 
ually to the southwest afler the fashion of an overwaeb plain, built on 
a land surface. At about the 360 foot contour line, the slope changes' 
abruptly, becoming notably steeper. The upp^, gently-sloping part 
of this terrace plain may have been constructed above the surface of 
the lake. This portion of the terrace plain may represent the original 
border of the lake which was first filled by inwasb from the north- 
east. As the deposits continued, the line of most active subaqueous 
deposition was transferred lakeward by the filling of the shoreward 
margin of the lake. Presently the marginal part of the lake may 
have been filled to the level of the water, and even built above it. 
Thenoef<niih, deposition would take place upon this surface, now built 
above the lake. The result would be the construction of a snbaerial 
overwash plain on the surface of the earlier lacustrine terrace, or enb- 
aqneous overwash plain. The subaerial part of the plain, like all 
normal overwash plains, would slope gradually in the direction of 
drainage. On the other hand, the abrupt edge of the plain oouid 
only have been developed beneath water, and, in existing rehitions, 
only beneath shallow water. The level of the water, as indicated by 
theee terrace plains, mnst have been something like 360 feet, an 
elevation abont thirty feet higher than the outlet which, according to 
the topc^raphio maps, water in the same area would find to-day near 
Liberty Comer, if the Passaic outlet were closed. The abrupt descent 
on the lakeward side of the terrace plain is well seen half a mile or so 
southwest of the railway from Morristown to Convent. It it likewise 
distinct jost west of Madison. The same features are repeated 
brtween Summit and West Summit, and iu the soathwestem part of 
Stanley.* 

Shore featwea aiong the highland. — Along what must have been 
the highland border of the lake, if it existed, shore features are not 
distinct. There are now and then faint indications of' features which 
eu^;est an old shore line, but nowhere do these indications become 
distinct and decisive. 

Shore features along the trap ridges. — Along the &oe of the trap 

"These flat-topped plslna were noticed h^ Frof. Cook, and were interpreted aa eri- 
dence of the former existence of the lake. 
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ridges, both on the oorthwest face of Long hill and of Second 
mountain, there are at several points shallow beds of d)etinGtl7 strati- 
fied, water-woni, but not well-rounded gravel, composed almost 
ezdoBively of trap, which might be interpreted as marking the posi- 
tion of an old shore line, although they are not commouly in such 
quantities or so disposed as to give rise to shore features which are 
topt^raphically distinct. So far as the waves of the lake were 
effective in producing gravel along the trap ridges, it would be com- 
posed prindpally of trap fragments, as these gravels are. If the lake 
were but temporary, the beds of gravel developed at any level would 
be shallow, and might not constitute marked topc^raphio features. 
The absence of distinct beach features is therefore no proof that the 
lake did not exist. 

Gravel beds of the sort here indicated have been found at a number 
of points, at levels wbioh seem to correspond very closely with that 
of Uie terrace phtins along the moraine irom Ivladison to Morrislown. 
Now and then, the gravel at or near the 360 foot level is sufficient to 
afibrd pits of considerable extent, and rarely distinct and characterisUo 
topi^liaphic forme in the shape of narrow terraoee. Similar gravel 
beds would be likely to develop at any level below the upper limit of 
the lake where the water stood for a sufficient length of time. The 
occorrenoe of similar beds of gravel below as altitude of 360 feet is 
therefore to be expected, unless the lake were suddenly drained, fol- 
lowing its maximum development. The existence of similar gravels 
below the maximum height oonld therefore not be dted in evidence 
against the existence of the lake at the level of 360 feet. 

Trap gravel bordering the trap ridges has been seen at the follow- 
ing points, at or near the 360 foot line : (1) On the road leading over 
the ridge south of east of Long Hill, and about one-thitd of a mile 
from that place ; (2) about one-third of a mile due north of Sterling 
(not 00 road) ; (3) a half mile or so northeast of Millington, on the 
east-west ridge road, just east of the point where it is joined by a road 
&om the sonth ; (4) a quarter of a mile weet-northwest of the last- 
named locality ; (6) about a mile northwest of Millington and a half 
mile southwest of Lyons station along the roadway (pit) ; (6) rather 
less than a mile west-southwest from the last-mentioned locality on 
the north-south road which crosses the western extremity of the Long^ 
hill trap ridge (Schrader) ; (7) rather more than a mile aouthwest: of 
Liberty Comer, just south of fork in highway ; (8) three miles north 
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■of Liberty Corner, where a well-defined spur (epit) of trap gravel 
projects from the southwest side of the 360 foot hill. AH these 
localities are on Third mountain or on the Long hill range. 

Closely associated geographically are similar occurrences of gravel 
(9) less than a half mile northwest of Lyons (Sobrader), here ronning 
up to 380 fe^ at least according to the topographic map, and down to 
the railway at 320 feet ; (10) along the railway a half mite south of 
Basking Ridge station (Sohrader), the gravel here being mainly of 
shale; (11) a half mile east of Beraardsville, at the cross-roads and 
vicinity, where the gravel is reported to be thirty feet thick ; (12) a 
half mile northeast of the last-named place, where the gravel is mainly 
^eissic. There are traces of the gravel at various other points in this 
vicinity, less readily located because not on roads or near points which 
4ire easily defined. In all these caaes the level of the gravel is about 
360 feet, now ronning a little above tkis line, according to the maps, 
and often falling a little below it. In some of the localities last men- 
tioned the gravel is not exclusively of trap material, but the difier- 
-ences are only such as the geological formations of the immediate 
vicinity, including older and higher drift, might lead one to expect. 
At a number of points the grovel is so disposed as to constitute a 
more or less distinctly marked bench or shore terrace. This is true 
at the locality just east of Bemardsvitle (the 9th above), to a lees 
extent of that a half mile to the northeast (the 10th above), and of 
that soath of Basking Ridge (the 8tb above). 

On Second mountain thera is (13) a bed of similar trap grovel at a 
point rather less than one and a half miles southwest of Union 
village, on the east side of the north-south road leading from Sterling 
to WaebiDgtonville. At this point there is something of a bench de- 
veloped, apparently composed of gravel. In it a shallow pit has been 
opened. 

Similar occurrences of gravel doubtless exist at other points, but 
except along roadways, or where pits have been opened, they are not 
easy of detection. 

Red »k(de gravel on Long hiU.-xThe trap ridges are sometimes 
tanked with shale up to the 360 foot contour. Wherever the waves 
-of the lake beat against shale instead of trap, the lees resistant char- 
:acter of the shale would have allowed it to yield more readily than 
the trap. Here more pronounced shore features might be expected, 
fieferenoe has already been msde to the shale gravel at two points in the 
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vunnity of BaekiDg Ridge. At two other pointe at least the red>shale 
gravel is known. At a point less than a mile west of New Frovi- 
dence, where the road aacends the Long hill ridge, there is a spit-like 
ridge of red shale gravel running oat from the red shale which flanks 
the trap ridge. Near the road a considerable pit has been opened. 
The lower end of the spit-like ridge is only about 240 feet bigh, but 
it mns up to an elevation of more than 300 feet to the northeast. 
The abeencej or relative absence, of other sorts of gravel, seems to 
make the reference of the spit to wave-work altogether rational. The 
other spur of gravel, located by Mr, Wbitson, is similar in eharaoter, 
and is situated about three-quarters of a mile northwest by west from 
Berkeley heights. In it there are no considerable exposures. 

It would thus seem that there are phenomena at various points 
along the shores of the supposed Lake Passaic which seem to justify 
the hypothesis of its existence. The fact that the shore features occur 
at and near an altitade of 360 feet instead of 331 feet, the line of a 
present outlet to the southwest, presents an apparent, rather than a real, 
difficulty. To this reference will shortly be made. 

But at still higher levels there are featares very similar to those 
just mentioned which do not seem referable to Lake Passaic, and if 
these similar phenomena at higher levels must be otherwise explained, 
why assume the existence of the lake to explain the lower? 

Oraveia above the 360 foot level. — About two miles south of the 
center of Morristown there is an extensive pit in coaree, stratified trap 
gravel, at an altitude of about 370 feet aooording to the topographic 
map. The trap fragments are distinctly worn, but not well rounded. 
This is slightly higher than the border of the supposed lake, if we 
assume its level to be that indicated by the terraces between Morristown 
and Madison. It might be assumed that the higher gravel represents 
a higher level of the lake. Thus far it is not clear that the lake's sur- 
face may not have stood at 370 feet, if it stood at 360 feet. We shall 
presently see, however, that there is a limit, not far from 360 feet, 
above which the surface of the lake may not have risen. Less than a 
mile west of the locality last najped are other extensive gravel pits, 
though no longer of trap. They are at an elevation of about 350 
feet, but gravel similar to that in which the pits are located runs up 
nearly or quite to 400 feet on the same hilt. It is not known to attain 
any considerable thickness above the level of the pits, and may not he 
stratified above an elevation of 360 feet. The surface gravel above 
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that level ma.y be residnary, and may have beeo the source of supply 
of the thick beds below. The underlying rook is not exposed. The 
hill IB continuous with that on which the trap gravel last noted occnr?. 

A mile or so northwest of New Vernon (Morris county) a hill rising 
to the height of 485 feet is coated, and thickly coated, with gravel, 
largely of sandstone and quartzitic nature, but containing fragments, 
and rarely lai^ bowlders, of granitic or gneissic material. The 
underlying rock is not exposed, but it may be of quartzitic material, 
similar to the larger part of the gravel. Here again, for lack of 
exposures, it is not known whether the gravel of the higher levels is 
stratified or not. The gaeiseic and granitic material may be restricted 
to the surface. 

Basking ridge, near the village of the same name, is another ele- 
vation composed of gravel and sand, or at any rate very heavily 
coated with them. Its maximum elevation is 485 feet. The variety 
of materials represented in the gravel at thb locality is so great that 
it cannot be regarded as local, and therefore not a product of the lake 
shore, even if its altitude and its general disposition were consistent 
with such an origin. The gravels of Basking ridge are unlike those 
already mentioned and unlike those just east of Bemardsville, but a 
mile or so north of Basking Ridge station, which were referred to in 
connection with the possible shore features of the lake. 

Again, about two miles west of Liberty Comer there are sands and 
graveb, as well as other sorts of drift, which are not referable to the 
supposed lake, both on account of their nature and their position. 
The drift here runs ap to an elevation of more than 400 feet, in 
immediate proximity to the 331 foot outlet. It is evident that the 
high-level drift at this point cannot owe its existence to Lake Pas- 
saic, and it is probable that it is associated in origin with that at 
Basking Kidge, possibly with that at New Yemon and at various 
other localities where stratified drift is known outside the moraine and 
above the level of the lake, both within and without the supposed lake 
area. 

It is clear, then, that in the mere presence of water-worn gravel 
along what may have been the shores of the old lake, we have no 
positive proof of the existence of the old lake. Gravel, and drift that 
is not gravel, occur at levels which are clearly much higher than that 
which Lake Passaic could have attained, and which as clearly ante- 
date, by a very long period, any lake which may have oc6upied the 
basin in question during the last glacial epoch. With this last point 
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in view, we seem to have the explanation of the admixture of occa- 
sional pebbles of distant origin with the strictly local material ia the 
shore gravels of Lake Passaic, if the gravels at the 360 foot elevation 
are to be referred to it These foreign pebbles in the new gravel may 
well have been derived from an older generation of drift, of one sort 
or another, which occupied the ground before the days of the last 
glacial epoch. The mea^rneea of its contribution to the later shore 
gravels, if the 360 foot gravels be such, suggests that it was not 
abundant at the time of the last glacial epoch. 

At no point above the 360 foot contour have topographic features, 
resembling those of shores, been seen. The existence of drift and 
gravel much above the level of the more probable shore features is, 
therefore, no evidence against the existence of the lake. 

Did Lake Pagaaie exist in the first glaoial epoch f — In this oonneo- 
tion, a second question of interest is raised. If during the last glacial 
epoch the ice brought a lake into existence in the basin of the Passaic, 
why should it not have done so during an earlier glacial epoch, if, as 
we believe, such an epoch esisted? May not some of these higher 
gravels be deposits made by the earlier Lake Passaic, before an outlet 
so low as that accessible to the last lake existed ? We conceive this to 
be possible, and it is hoped that further study will bring to light the 
data necessary for a determiuatiou of the question, 

ICEBERG DEPOSITS. 

Berg deposits would be difficult of recognition in that part of the 
lake bottom which was covered by ice, but should be easy of detection 
in that part of the lake which lay beyond the moraine. To this part 
of the lake, bergs would not find ready access after the ice receded from 
the moraine, since from that time the moraine constituted a barrier to 
the bergs, which thenceforth must have been confined between it and 
the edge of the receding ice. The duration of the interval when bergs 
might have made extra-morainic deposits must have been restricted 
principally to the time of ice advance after the lake came into exist- 
ence, and to the time of maximum ice extension, when the ice stood 
along the line of the moraine. 

At various points throughout the area of the supposed lake, 
bowlders similar to tho?e of the moraine are frequently found op to 
altitudes of 340 feet, and rarely at greater heights, up to 360 feet. 
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Tbey oooor occasionally in clomps, bnt more commonly they are 
iBolated. They are mote common below the upper limit of their 
range than at that limit. Some of them are of large size. No 
bowlders higher than 350 or 360 feet have been seen, which, od the 
basis of physical character, seem clearly referable to icebergs emanat- 
ing from the ice of the last glacial epoch. 

In some localities not distant from the moraine, there are consider- 
able quantities of drift, which may perbape have been deposited by 
ioebei^. At New Providcnoe and vicinity this may be seen. It is 
of course possible that the ioe at some sti^ poshed out a few miles 
beyond the moraine, and that this drift near New Providence and be- 
yond, may be the result of such advance. If eo, it was sabeeqaently 
covered by water, for, if I interpret rightly, it beara the marks of 
subaqueous deposition, or of submergence subsequent to its deposition. 
Apart from this, the occasional fresh bowlders scattered over the sup- 
posed lake basin, and showing the marks of ice, seem to strengthen 
the concluBioQ, based on evidence afforded by shore phenomena, that 
Lake Passaic had a real existence. 

It should be kept in mind that bowlders of granite, gneiss, quartzite 
and conglomerate are sometimes found above the probable shore line 
on the trap ridges. In such situations the gneissic and granitic 
bowlders are generally so far decomposed as to indicate their greater 
age, compared with the bowlders of corresponding material below the 
shore line. Above 360 or 360 feet, no granitic or gneissic bowlder of 
fresh appearance, or showing any sign of glaciation, has been seen, 
except possibly on the trap ridges close to the moraine. The exist- 
ence of rather fresh (new drift) bowlders on the ridges here, is very 
probably the result of extension of the ice beyond the moraine at 
some stage of the moraine epoch, as already noted. 



LA.CDSTBINE CI^AYS AND SILTS. 

The clays and silts which must have accumulated in the glacial 
lake, if it existed, should possess certain characteristics by which they 
may be recognized. They should be finely laminated, as are similar 
deposits of more recent origin. They should be of such materials as 
could be furnished by the waters draining into the lake in glacial 
times. The finer silts and clayey deposits should be found especially 
at some distance from the shore line, where the water was relatively 
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deep and where waves did not grestJy disturb tbe bottom. They 
should be especially abundant, it would eeem, toward that end of tbe 
lake wbicb received the glacial drainage. 

Clays and silts which seem to correepond very closely with those 
which might be expected in such a lake as Passaic must have been are 
found at various pointe. At the brickyards just south of Morristown, 
at an elevation of 320 feet aod tees, such clay may be seen. It is 
finely laminated, is slightly calcareous and contains unique concre- 
tions of calcium (lime) carbonate. Id the vicinity of Pleasant Plains, 
seven miles or so south of Morrifitown, the low plain (about 230 feet) 
is covered to a considerable depth with similar laminated clay, equally 
rich in concretions, which are locally known as "clay stones," "clay 
dogs," " stone dogs," &o. The same clay eztends over a considerable 
area in this vicinity, extending northeastward to Green Village and 
beyond, and westward and northwestward as far as Logansville, at 
least. 

About Green Village the laminated clay is more or less eovered 
with sand, which likewise mantles it for a mile or two further south- 
west. Near the western extremity.of the area where the clay has been 
observed, it is likewise somewhat concealed by sand. 

From the basin of tbe Great Swamp, the lacustrine or subaqueous 
day reaches up on the lower portions of the north slope of Iiong hill 
to a height of at least 250 feet, though it is not always traceable to 
this height. On the bases of Ihe mountain slopes, however, it has 
not oharacteristioa identical with those of the clay on the lower land. 
It is here frequently concealed by sand, so that its exact limits are not 
easily determined. It is probable that the whole of the Great Swamp 
is underlaid by day of lacustrine origin, although a part of the swamp 
day may be of later date thau the ice epoch itself, since this area may 
have remained in a lacustrine condition long after the main part of 
the waters had been drained away. 

Between Second and Third mountains the existence of clay formed 
beneath water is also well known. It has not, where it has been seen, 
the distinctly laminated character which marks much of the lacus- 
trine day, hut it possesses other features which seem to clearly indi- 
cate its subaqueous origin. In tbe summer of 1892 this was well seen 
in the vicinity of Berkeley Heights, in two temporary exposures then 
open. Kear this place, the distinctly subaqueous clay does not seem 
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to run much above the 230 foot contour, aod weet of Millington it 
seems to be limited, aocording ta the determination of Mr. Whitson, 
essentially to the 220 foot contour. This is hardly above the present 
flood plain of the river at this point. These claja may also be in 
part, at least, postglacial. 

The depth of the subaqueous clay can rarely be determined, except 
where it is very shallow. Where it is deep, wells of any depth are 
rare, since water can be obtained near the surface. Not far from 
Long Hill village a well thirty feet deep is said to be excavated 
entirely in clay. A well has penetrated the clay to a similar depth 
northwest of Pleasant Plains. A half mile east of Pleasant Plains, 
according to Mr. O. Lindsley, a well seventy-two feet deep penetrated 
only Bofl " alluvial " material. The surface at this point has an alti- 
tude of about 230 feet. According to information from the same 
gentleman, a well one mile southwest of Green Village, at about the 
same elevation, reached red shale at a depth of twenty-two feet; 
while a third well, 172 feet deep, at the edge of the swamp a mile 
and a half south of Green Village, penetrated nothing that was 
recognized as rock. The lowermost third of this well was in sand, 
while the material above was of a clayey nature. Traces of sub- 
aqueous clay similar to that alxtut Pleasant Plains may be seen beneath 
the sand at the edge of the sand-and-gravel plain bordering the 



As already indicated, the top<^raphy of the clayey plain is level to 
the westward. The same is true of the corresponding formation 
between Second mountain and Long hill. The plane surface which 
prevails further weet begins to be marked to the eastward by sinks 
and knolls, about half way between Sterling and Gillette, and the 
nature of the suriace material is somewhat changed at the same time. 

The presence of lacustrine clays and silts at certain points outside 
the moraine in the old lake basin seems to corroborate the evidence 
drawn from shore-line features and bei^ deposits that Lake Passaic 
had a real existence. On the other hand, the lacostrine clays are not 
so widespread, and do not in general reach such great heights as would 
have been expected. Their absence on the steep slopes may possibly 
be the result of subsequent removal. Yet the presence and distribu- 
tion of some of the deposits belonging to this category do not seem 
readily explicable if the lake did not exist, however far short their 
development may fall of what might have been expected. At the 
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same time it is believed that some of the low-lying subaqueous clays 
may be of postglacial origio, after the lake had mainly disappeared, 
or at least after it had ceased to be a glaeial lake. 



BVIDBNCES OF LAKE PASSAIC WITHIN THE MOBAIfiE. 

Within the moraine any deposits made by icebergs would be less 
readily reoognized than without, since the whole of the intra-moraiual 
area is covered with drift of the last glacial epoch, Except in espe- 
cially favorable situations, it would be difficult, if not impossible, to 
reci^nize them. 

Within the moraine the shore features might be expected to be 
well developed, except for the fact that the life of this part of the 
lake was shorter. If the lake had an ezietenoe during the advance 
of the ice, banning with the blocking of the Passaic outlet, such 
shore features as might have been at first developed within the area 
subsequently covered by the ice would probably have been obliterated, 
or at any rate obscured, as the ice advanced and displaced the water 
occupying the territory within the moraine. The intra-morainal shore 
features which might be expected to exist at the present day, therefore, 
would be only those produced during the interval occupied in the 
recession of the ice &om the moraine to the vicinity of Paterson, or 
until the water opened for itself an outlet beneath the ioe. 

Shore featwte within the moraine. — At various points within this 
region are features which, taken singly, seem altogether consistent 
with the idea that a lake occupied the region in glacial time. Along 
the inner face of the moraine, in the vicinity of Morristown, there are 
deposits of sand and gravel at altitudes of 360 feet and less, which 
have the aspect of shore-formed beds. A mile and a half northeast 
of Morristown, juet north of the northern road to Malapardis and a 
•quarter of a mile southwest of the 493 foot hill, there are pits in such 
gravel. On the road just south of the above, about a mile due west 
of Monroe, there is a spur of gravel which in some respects simu- 
Istes a spit, though it is by no means a typical one. At some points 
between Convent and Monroe, on the inner face of the moraiDe, 
there are likewise gravel benches which suggest for themselves a 
shore origin. Near the edge of the ioe, benches of gravel might be 
formed independently of shores, between the irregular margin of the 
ice and the moraine, in temporarily-inclosed basins. In this case 



,v Google 



THE STATE GEOLOGIST. • 141 

they wodM have been formed from the ioe toward the shore, and 
Bhonld slope in this directioo. The contrary is the universal fact so 
far as observed. Along the highway between Littleton and Parsip- 
pany di^inctly-developed flats of loose gravel occur at an elevation of 
aboat 360 feet, which might be referred to the lake. 

Similar top(^raphio forms of similar constitution occur near Boon- 
ton, southeast of the canal. But here the gravel-flat is not at an 
elevation of 360 feet, but at 400 feet, more or 'lees, according to the 
top(^t;niphic map. Still further b> the northeast, especially north and 
northeast of Montville, also at an elevation of about 400 feet, well- 
defined flats of gravel and sand ooonr. The beet-defined is a half mil& 
northeast of Montville and a mile and a half due west of Wbiteball. 
The railway neoi Montville cute through the projections of its edge. 
The flat here referred to is as perfect an example of a aubaqueous 
sand plain, as could be desired. Throughout the Boonton-Hontville- 
Whitehall area there are other benches at lower levels, less clearly 
defined. 

The well-defined plain north of Freakaess, at an elevation of 340 
to 360 feet, seema clearly referable to a body of standing water. To 
this plain reference has already been made in another connection (see 
page 101). 

There are also occasional indications of benohes, perhaps referable 
to shores, along the trap ridge east of Livingston. They are rarely 
well developed. So far as traced, they occur at about 360 feet At 
numerous points there are bench-like features considerably below 360 
fe^. 

It will be noticed that the levels of these possible shore benches do 
not all correspond. That there should be lower ones below the highest 
does not seem strange. But that there should be isolated benches and 
plains so distinct as those at Boonton and Montville, so distinctly 
above the level at which the highest corresponding features elsewhere 
are well developed, was not to have been expected. From their dtu- 
ation they coold hardly have been formed in basins isolated from the 
lai^er lake. It would hardly seem probable that the pos^Iacial 
deformation of the surface could explain their position, since the 
change from one level to another does not appear to be gradual. 
Since the shore terraces at 400 feet, if such they are, are not oontina- 
ous with those at 360 feet, the force of this objection is lessened, 
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thoagh not destroyed, since terraces at the two levels are do more thtm 
four or five mike apart. 

Lacugtrine d^osUs wUhin Hu moraine. — Lacustrine deposits of 
typical form have not been seen at many points within that part of 
the Passaic basin which lies within the moraine. Clay deposits, 
eome of which are now used for briok and other purposes, are found 
within the lower parts of this area, but they are probably in part of 
postglacial origin. Such are the days in the marshes just north of 
Wbippaoy. Lacustrine clays occur beneath stony drift in the liill 
just east of the Whippany river, and fifly or sixty feet above the 
same, two miles sontheast of Whippany (see p^e 57), In this con- 
nection the brick clays in the vicinity of Little Falls and Mountain 
Yiew should be mentioned. Th^ are at low altitudes (190 feet), but 
may be connected in some way with the lake's history. They are 
certainly of lacastrine type. The days here are locally covered with 
till (Feet), which would suggest their origin at an early stage in the 
history of the lake. Micrc«copic study of these clays will perhaps 
throw some light on their origin and relations. 

Much of the stony drift within the limits of the pos^ble lake bears 
evidence of having been braeatfa water, if not formed in such a posi- 
tion. I am not able to say to what extent it was formed beneath the 
ice and enbeequently submerged, and to what extent it was formed 
beneath water, by the conjoint action of water and icebei^. 

The characteristics of stony nnstratified drift, which seem to me to 
indicate a sabaqueons origin, or submei^Doe subsequent to sul^laci&l 
origin, are perhaps more easily recognized than defined, A pro- 
nounced tendency to crack on drying is one of the most distinctive 
features sosoeptible of definite statement. Goii^ along with this 
tendency, the sabaqueons drift, as I have interpreted it, cuts in a 
manner rec(^;nizably different from normal till. The out face has a 
smoother surface, comparable to that of " fat " days. This is doubt- 
less the result of the greater ahundanoe of extremely-fine material, 
more completely filling the interstices between the coarser particles, 
where such are present. The fine partidee of a clayey nature also 
often adhere tenaciously to the surface of the stones of the drift, coat- 
ing them with a film which is not easily removed. These marks are 
those most easily seen at the surface. Others are revealed in deeper 
exposures. 

Omolunon, — Alt^^ther, the evidenoee of the existence of the glacial 
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Lake Paesaic seem to be so nnmerous, aod of suoh a nature, that it ia not 
easy to eee how tbey are otherwise to be accounted for. But there is 
the diffioalty that th^ do not seem to be alt<^ether harmonioHS. The 
shore marks below the common upper limit present no serious diffi- 
culty, since they may well represent lower levels of the lake daring 
later stages of its history. There are su^estions of those features at 
numerous points at the level of 320 feet, whioh seem to mark a defi- 
nite stage in the history of the lake. There is the much more serious 
difficulty that apparent shore features, according to the topc^^phic 
maps, occur at heights altogether inconsistent with what seems to have 
been the highest level possible to Lake Passuc, 

The Outlet of Lake Pasmio. 

It has been indicated that the lowest outlet whioh appears to have 
been accessible to such a lake is the notch west of Liberty Corner, at an 
elevation of 331 feet. It does not appear that this outlet can have 
been nuiterially lowered since the lake disappeared. But the drainage 
of the lake through this outlet may have lowered it. If so, the out- 
let, when first established, was at some higher level. The notch is cut 
in bard, trap rock, and the water must have been relatively free from 
€ediment, and therefore oonld not have possessed much cutting power. 
Nevertheless, it is possible that the narrow gorge, the bottom of which 
is at 331 feet, may have been cut during the existence of the lake, and 
by its outflow. If the narrow gorge were filled, the surface would be 
brought np to the level of about 360 feet It would, therefore, not 
seem impossible to account for lake-shore features at 360 feet, suppos- 
ing the drmnage of the lake to have lowered the outlet twenty-nine 
feet. 

The delta-like formations at an elevation of 400 feet, already 
referred to, cannot be acooonted for by supposing the outlet to have 
been lowered from that level, for while the surrounding top<^raphy 
might warrant the belief that the outlet was lowered from 360 feet to 
331 feet by the lake drainage, it would not warrant the assumption 
that it had been lowered from 400 feet. 

The attractive influence of the ice-mass, and of the highland region 
north of the lake, may have exerted an appreciable effeot on the sur- 
ftce of the lake water, and might account for some trivial rise of water 
above the outlet, in the northeastern part of the lake ; but that influence 
ooold not have held the water up to 400 feet where apparent shore 
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features ocour at that level, while it was low enough to develop shore 
features at 360 feet in localities no more than five miles distant. 
Every hypothesis which has suggested itself to explain the shore 
features at these disoordant levels involves other difficulties as grave 
as those obviated by it. 

The vnlley below the Liberty Comer notch should g^ve evidence 
of having been the ohanael of great torrents of water, if Lake Fassuo 
had its outlet in this direction. It has not been studied with sufficient 
care to warrant a statement as to the presence or absence of such evi- 
dence. But if present, it is not obtmsive. This point is one whidi 
will have received further attention at an early day. 
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SECTION X. 
WIND-DRIPr AND RESIDUARY PRODUCTS. 

Wind-drift. — Within the area which has been especially studied, 
there is relatively little dune Eand. While in many eandy areas the 
fiurface sand has doubtless been shifted to a greater or less extent by 
the wind, dunes are not of common occurrence, even where the material 
for their development seems favorably disposed. According to Pro- 
feasor Culver, dune sand occurs at low levels od the east shore of New- 
ark bay from Bergen Point to Marlon, small dunes being developed 
southwest of West Bergen. There is also moreor less dune sand on the 
east side of Bergen Point Across the river from Ridgefield Park also, 
Professor Culver finds considerable areas which he believes to be more 
or less covered with dune sand. He has also found small mounds of 
blown sand opposite Hachensack on the east side of the river, and in 
East Paterson, near the glue-works. 

The sand along the Millstone river near East Millstone has been re- 
ferred to on a previous page. The higher parts of this may be of wind 
origin. There is also some sand at various points between Ambrose's 
brook, and Bound brook, south of New Market and Samptown, the 
origin of which is seolian. In none of these places does the sand con- 
^tute well-defined dunes. 

Id the area southeast of Great Piece meadows, the sur&oe sand has 
doubtless been considerably shifted by the wind. The same is true of 
the low area along the Bockway north of the Troy meadows. It is 
difficult to differentiate the work of the wind from that of water in 
these areas, but the wind-work seems to be distinctly subordinate. 

At various points along the coast from Sontli Amboy southward, 
the wind has drifted considerable bodies of sand inland for short dis- 
tances. This has sometimes taken the form of dunes, and sometimes 
has been scattered over the surface without developing into mounds 
and hillocks. The dunes are much more characteristically developed 
along the coast than elsewhere, and their recognition is easy. In the 
interior, dunes have an undetermined distribution. They are known to 
be developed in many places, as iu the low sandy area east and south- 
«a8t of Old Bridge, 

10 
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Beaiduary earths. — A considerable part of the area lying between 
the gladal drifl on the north and the continnooB bodj of the yellow 
gravel on the south, ia covered with the products of disint^ratioo of 
the underlying rocks. It is hardly necessary to state that these resi- 
duary products vary with the formations which gave origin to them. 

TriasHe reaidwtry produeta. — Where red shale is the underlying 
formation, the soil and sabeoit are generally thin, and the outcrops of 
the shale are frequent. The residuary earth is so like the shale itself 
that no question concerning its origin could arise. On level surfaces 
where surface drainage is sluggish, and at the bases of slopes down 
which the surface earths have crept or been washed, the residuary 
products of the red sbale are thickest. But even here the disinte- 
grated material covering the shale is not usually thick enough to pre- 
vent frequent outcrops of the rock itself. The thinnesB of the redl 
shale residuary earths is probably the result of two conditions; (1)> 
the insoluble nature of the rock, making its disintegration a physical 
rather than a chemical process, and therefore limiting it mainly to the 
depth of roots, frosts, and considerable changes of temperature; and (2)' 
the fineness of the residuary produot, which makes its removal easy. 
It is the first of these conditions which makes the residuary soil so 
like 'the original rock in color and composition. Only where the 
residuary materials from the red shale have been shifted and re- 
d^Ktsited by wat«r (without admixture of foreign material), as is- 
sometimes the case (see pt^ 122), is anything else likely to be mis- 
taken for red shale residuary, or the red shale residuary for anytliing- * 
else. It is certain that moob of the red shale area, as now exposed,, 
was at some time covered by later formations. These, whether yellow 
gravel and sand, or Cretaceous sands or clays, have in many places- 
lefl traces of their existence, modifying to a greater or less extent 
the strictly residuary character of the red shale soil. 

Where the underlying rock is saodstone instead of shale, the sur- 
face materials are i«oognizabIy different, being more sandy and less- 
clayey in t«zture, and often lighter in color. The saodstoue residu- 
ary generally resembles its parent rock less closely than does the* 
shale residuary. This is because its chemical character undei^oes- 
greater alterations during the process of disint^ration and weathering. 
The sand grains themselves are sometimes decomposable, and of such 
a character as to suffer various chemical changes which do not result- 
in disint^rotion. The surface materials in the sandstone areas gully 
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leas readily Uum th«»e of the ehale areas, probably because of their 
greater porosity, wbioh allows the surface waters to sink, instead of 
oompelling them to run off over the surface. 

Where the onderlying rock is conglomerate, as is sometimes the 
case in the TriasBio area, the Tesiduary product is an earthy gravd, 
the constitneDt pebbles of which were derived from the conglomerate. 
Where the conglomenite contained a great variety of materials they 
re-appear in the decomposition product. The gravelly earths in such 
situations might be readily mistaken for drifl. Where some of the 
constituents of the conglomerate were decomposable or soluble, as 
granite, limestone, &o., disintegration gives rise to much earthy 
material, as well as gravel. In such cases, the residuary earths are often 
deep, sometimes completely concealing the underlying rock over con- 
nderable areas. The more conuderable depth of reudoary materials, 
as compared with shale areas, results from the fact that (1) disint^ra- 
tion is not restricted to the zone of frosts, but goes on actively to the 
depth of the permanent nndeig:roand water level, and more slowly to 
still greater depths ; and (2) the residuary prodncts are in part coarse, 
and, therefore, often beyond the power of surface drainage to remove, 
and, on the whole, more porous, allowing rain water to sink beneath 
the surface, instead of forcing it to run off over the same, carrying 
away the residuary earths. The finer products of decay are diBtril>- 
nted among the coarser, and by them their removal is prevented. 
The area of grave) southwest of New Vernon, referred to on page 6Sy 
may belong in part to this category, although the gravel on the lower 
parts of the hill has been seen to be distinctly stratified in one place, 
and is there certainly not simple reeiduary material. It may have 
been derived mainly from the upper parts of the hill, where the rock 
IB not exposed. The fact that occasional bowlders of gneiss occar oa 
the hill, as well as pieces of other kinds of rock which hardly seem 
referable to a possible underlying conglomerate, bears against the idea 
that the gravel covering is strictly residuary. Soo, too, the quarlzitio 
gravel two miles southwest of Morrietown, referred to on page 65, 
may be of residuary origin on the higher slopes of the hill. £nt at 
the level of the pits the gravel is distinctly stratified, and has been 
worked over and deposited by water, possibly by the water of Lake 
Passaic, even if its origin be local. In the absence of knowledge 
concerning the charaoter of the rock beneath the gravel, the possibility 
of its residna] origin must be reoognized, although we have referred 
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to it uDder the head of eztra-morainic drift. Tlie same may be said 
of certain areas in the vicinity of Clinton.* 

Trap residuary — Outside of the moraine, the trap ridges are gener- 
ally covered by very stony earth, which possesses a character so dis- 
tinctive that it ia not to be mistaken for any other surface earth. 
Wherever a section from the surface soil to the solid rock beneath can 
be seen, the relation of this earth to the trap is evident, though in 
general appearance the clayey soil itself bears little resemblance to 
the trap. In this case the chemical changes incident to disintegration 
have been very considerable. A considerable portion of the rock has 
been carried away in solution, and the constituents which have re- 
mained have undergone extensive chemical change, particularly oxida- 
tion. The considerable content of iron allows the oxidation to efTeot 
very great changes in the color of the residuary earths, as compared 
with the original rock. It may be stated as a general rule that resid- 
uary soils most closely resemble their parent rocks whra the diemical 
changes involved in their production have been least, and, conversely, 
that residuary soils least resemble their parent rocks when the chemical 
changes have been greatest The stony material of the trap residuary, 
composed of half decomposed and thoroughly oxidized pieces of trap, 
often seem to be in excess of all the finer constituents. 

Within the moraine, the ice sometimes failed to leave much drift 
on the trap ridges. Here there is little residuary material, since 
the time since the last ice incursion has been too short to effect deep 
disintegration of the rock. In general, the surface earths on the trap 
ridges are not of great depth, 

CryateUline aehiit renduary eartka. — Where the crystalline rocks 
are not covered with drift, and in some places where they are covered 
with drift; of the earlier glacial epoch, the underlying rook is coated 
with a thick bed of residuary earth. Locally this is very stony. But 
where the schists are composed mainly of decomposable minerals, the 

*The distinction here suggested is perhaps an artificial one. Surface material 
arising froiD the decaj or disruption of rock may be shifted about on a land surface 
by creep, and wind, and surface drainage, and after its movement and deposition on a 
land surface it still passes for residuary material, unless accumulated in considerable 
quantity along drainage lines. But if, afler its shifting, the material be deposited be- 
neath water, be it sea or lake, it Is no longer regarded as residuary. That is, a difleteDt 
and a greater geological value is often set upon subaqueous accumulations, than 
upon subaerial. There is some reason for this distinction, but no reason for carrying 
it so far as is commonly done. 
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decomposition product is an srkose sand or loam, relatively free from 
bowldera of decomposition. The greater depth of the residuary ma- 
terial on the cryetalline schists is an index of their more rapid decom- 
positioD, as compared with shale and trap, or of the less ready removal 
of the decomposition products. In many regions outside the moraine, 
even where the topc^aphy is roagh, the rock is more or Ipes uniformly 
and deeply mantled with the decomposed gneiss, the rock being rarely 
exposed. The general absence of gullies in the areas of crystalline- 
echist residuary soils and surface earths, indicates that their removal 
is slow. This is probably the result of their porous, arhose texture. 

Commingling of residuary products, — In many sitoations it hap- 
pens that the products of decomposition have been greatly mingled 
one with another. This is especially true where formations of dif- 
ferent characters rise oonsiderably above an intervening depression. 
In the depression, materials from the diSTerent surrounding formations 
may become much commingled. In such cases the recognition of the 
real nature of the surface mattrials may be difficult. They may 
closely resemble drift. 

Along the Junction of two formations, where the altitude of the 
one is considerably greater than that of the other, materials from the 
higher may be widely spread over the lower in the form of talus, 
sometimes completely concealing the lower formation for considerable 
distances along the base of the higher. Thus at the bases of the trap 
ridgee, the products of the trap which have crept or been washed 
down the slope, often cover the red shale for considerable distances be- 
yond the line of junction of the two formations. The same condi- 
tions exist where the crystalline schist adjoins the younger formations 
which lie at lower levels. 

Probably the detection and differentiation oi strictly residuary 
material is nowhere else ao difficult as in areas south of the glaciated 
region in the eastern part of the state. Certain phases of the surface 
earths in the Cretaceous (or Tertiary) region, contain traces of the 
yellow gravel. These traces may be very meager, sometimes not ap- 
pearing at all on the surface, but appearing in vertical sections where 
such can be found. The surface and sub-surface material in which these 
yellow gravel pebbles are imbedded is often altogether indistinguishable, 
except for the pebbles, from the strictly residoary material derived 
from the Cretaceous (or Tertiary) beds beneath. The pebbles, which 
are the only diagnostic mark of the re-arrangement and re-depositiou of 
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the surface materialB, as distinct from Cretaceous or Tertiary residuary, 
may be few or altc^ther wanting. Where the latter is the fact, the 
distinctioD between residoary earth and re-arranged material which is 
not strictly residuary may be most difficalt. Where this re-arrange- 
ment of the gravel and its admixture with the Cretaceous (or Tertiary) 
sands and marls is the faot, it was accomplished during a period of 
erosion and re^eposition when the streams had cut through the gravel 
into Cretaceous (or Tertiary) beds below, or possibly during a period 
of submergence, after such erosion, when the oceanic waters aided in 
the process of mixture and re-arrangement. In some cases it seems 
probable that the unindurated formations may have been eroded, and 
the material re-deposited, without much transport, in essentially its 
original condition. Under such circumstances, the differentiation of 
the new and the old, and the differentiation of the new from strictly 
residuary material, is not easy, and perhaps not always possible. 
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SECTION XI. 
THE YELLOW GRAVEL. 

Apart from the work done by Mr. Comao, relativelj little atten- 
tion has yet been given to the "Yellow Gravel" formation, except 
where it comee in contact with drift of gUcial age. In assooiatioD with 
«ach drift, it has been more or leas studied along the Delaware river, 
where the Trenton gravel adjoins and overlaps it, and along the bor- 
ders of the Trenton gravel outside the valley of the Delaware, The 
-sand and gravel of the overwash plain near Plainfield, corresponding 
in age with the Trenton gravel of the Delaware, likewise covers yellow 
gravel locally, and in one place, as already noted, a inound of the 
yellow gravel projects through the gravel of later (glacial) age. Rem- 
nants of the yellow gravel also occur low on the slopes of the trap 
ridge near Plainfield, but distinctly above the overwash plain. 

OrigincU norUivmrd exienaion of the ytllow gravel. — Neither the time 
nor mode of origin of the yellow gravel formation is certainly known. 
Its original distribution, too, has never been determined, and possibly 
never can be with exactness. Bat enough is known to make it cer- 
iaiu that its present distribution does not correspond at all closely with 
its original distribution. The remnants of the formation at and near 
Plainfield tell of its former northward extension much beyond the 
limit of its present continuous body. There is no reason to believe 
that the outliers at Plainfield mark its original northern limit. There 
«re many reasons, botk direct and indirect, for believing that they 
do not. 

Scattered pebbles of yellow gravel have been found at a number of 
points on First mountain between Plainfield and a point ten miles 
further west So far as known, there are no beds of this material on 
the trap ridge, and the pebbles which have been noticed above 200 feet 
«re ao few and far between, that in most cases it would seem as reason- 
able to suppose that they had been carried to their present position by 
human agency, as that they represent the remnant of a continuous 
formation which once reached far up the slope of the trap ridge. The 
pebbles which have been seen on First mountain occur only on its 
outer face. They have nowhere been seen on its summit, and in 
inoBt places only on the lower half of the slope. 
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But for certain eituatioDB, the snggestion that the BcatteriDg, high- 
level yellow gravel pebbles owe their position to hnman transportation 
caoBOt be accepted. In one locality on the north slope of Second 
mountain, not far southwest of Union Village, and three or four miles 
□orth-uorthwest of Plaiufield, pebbles which appear to belong to the 
yellow gravel have been found at an elevation of more than 300 feet, iu 
in Bach situations and relations as to make their reference to human 
transportation impossible. Pebbles and small stones which have beeft 
referred with less confidence to the same formation, occur very rarely 
between First and Second mountains, especially between the western- 
parts of these ridges. In all these situations the remnants are no- 
more than exceedingly rare pebbles and cobbles, so rare that only the 
closest attention detects them. 

Two mites .or so west-northwest of Bound Brook a bed of yellow 
gravel, several feet thick, runs up to an elevation of about 120 feet. 
Due north of Somerville at an elevation of about 180 feet a bed of 
yellow sand containing some gravel oocnrs beneath a bed of coarse, till- 
like drift, OD the south slope of the ridge.* The sand is very much 
like that belonging to the yellow gravel formation, and is tentatively 
referred to it. Again, just north of Karitan, at a slightly lower eleva- 
tion, but on some of the highest elevations in the immediate vicinity, 
yellow gravel and sand occur. The deposit is here largely of sand, 
and pits of considerable extent have been opened in it. 

Ten miles further north, and a. half mile or so southeast of Pea- 
pack the material thrown out from a freshly- dug well (1892) was 
seen. From beneath a covering of other material (mainly talos) 
several feet in depth, quantities of bright, yellow sand bad been 
thrown. The thickness of the sand was not known, but it was said 
to have been penetrated nine feet. The eaud here seen agreed so 
closely in character with that near Raritan that it was impossible to 
avoid the conclusion that they are probably to be correlated with 
each other. The rock subjacent to the sand was not seen, but accord- 
ing to the geological map limestone lies beneath. It certainly occnrs- 
in the immediate vicinity. The elevation of the site of the well is 
about 240 feet, according to the topographic map. 

A few miles east of Peapack, in the vicinity of Beruardsville aud 

'Professor Cook, whose e^e few things seem to hftTe escaped, noted the exUtence- 
of the deposits here rererred to, in 1S80. He regarded them as preglacial in age. 
Geological Survey of New Jenej. Annual Bepoit for 1880, pp. 86, 87. 
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BaBking Ridge,"' and especially in the west side of the ridge at Bask- 
ing Ridge station, and ia a neighboriDg elevation on the west, sand 
bearing much resemblance to that at Peapack is found in quantity. 
It is here somewhat leas yellow, but is in places slightly arkose, and 
distinctly micaceooB, qualities which the yellow gravel and sand to the 
southeast frequently poBBesses. These are just the qualities which 
might be expected in the vicinity of the crystalline schists. At both 
Peapack and Bemardsville, the yellow sand, while not on the crystal- 
line schist, is very near its border. In the latter vicinity, the yellow 
sand rises to an elevation of 460 feet at least. There are certain beds 
of sand closely resembling that at Basking Ridge three or four miles 
further southwest, and about two miles west of Liberty Comer, at an 
elevation of about 400 feet. 

Carrelation, — While final conclusions concerning these beds of sand' 
and gravel have not been reached, we believe there can be little doubt 
that the sand and gravel of the pit just north of Raritan (not includ- 
ing the uppermost part of the section), the sand and gravel ander the- 
till-like material north of Somerville, already referred to, and the sand 
at Peapack, are to be correlated with each other, and with the yellorf 
sand and gravel at localities farther south. We believe that the sands 
near Basking Ridge and west of Liberty Comer, are to be correlated 
with each other, but we are leas confident that they are to be connected 
with those at Raritan and Peapack. 

This tentative correlation involves a difficulty which we have not 
yet been able to explain away, in that it places the finer part of the 
yellow gravel formation to the north, against the highland, and the- 
coarser part to the south. The reverse is the arrangement that would 
have been expected, though the materials of the yellow gravel do notr 
appear to have been derived from the crystalline schists in any large 
measure-t We have no evidence to preclude the hypothesis that some 
of this yellow sand, as that at Bemardsville, may be much older 
than the yellow gravel has been supposed to be. Indeed, there 
are some considerations which seem to favor this view. So far 
as now known, nothing in the constitution or distribution of these 

* Professor Cook made the suggestion (hat the beds of drift about Basking Kidge- 
might have arisen in connection with Lake Passaic. But the eieralion of (he higher 
beds of drift in this vicinity seem too high to )>e connected with <he last Lake Passaiir, 
at ieast. Geolt^ical Report of New Jersey. Annual Report for 1880; pp. 84; 85i 

tOp. cit., p. 95. 
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sands, lyii^ for north of the main body of yellow gravel, pnta any 
limitation upon their age, except that they be poet-Trisseio. 

If the SHggested oorrektion of these isolated beds of sand with the 
yellow gravel be correct, the yellow gravel formation once extended 
northward to the crystalline schist area at least, though we are not 
possessed of data which directly indica(« that the First, Second and 
Third mountains were entirely oovei«d by it. It is interesting to 
note, in this connection, that Prof. Davis long ago arrived at the con- 
clusion that some formation younger than the Trias onoe covered the 
red shale, reaching northward approximately to ihe crystalline schist 
area. This conclusion was tlie result of a careful study of the present 
conrses of the streams.* Prof. Cook also recognized the fact that the 
or^;Lnal northern border of the yellow gravel formation extended 
north of the RaritaD,t though he does not appear to have associated 
the Basking Ridge sand with the yellow gravel and sand farther south. 
It is possible that they should not be so associated. 

Yellow gravel in the vidniiy of Barilan bay, — On the low Triaaaic 
area south of the moraine and north of the Raritao, in eastern New 
Jersey, there are remnants of the yellow gravel to be seen at various 
points. It occurs beneath the glacial drift in the railway out at Me- 
tuchen. It may be seen in much stronger development in the railway 
cuts a little further southwest. Traces of it occur at frequent points 
between Metuchen and the Baritan, and westward to Bound Brook, 
^Southeast of Metuchen it frequently appears beneath the drift, and 
south of it, throughout tJie Woodbridge clay district, where elevations 
of the formation now and then project through the drift, It is ex- 
posed in very extensive pits at Bonhamtown, two miles southeast of 
Metndien. 

Within the Triasdo area south of the moraine and north of the ' 
Baritan, the yellow gravel nowhere attains great elevations, though 
there are no heights above its reach. The highest lands of the region 
are likely to be strewn with it, and it forms a capping to many an 
isolated hill. But it is not confined to the heights, nor is it there 
thickest. At Bonhamtown the top of the pit is less than 100 feet in 
height, but there is here a greater depth of the gravel and sand than 

*The Bivers of Northern New Jeraty, &c^ bj William Sforris Davis. Nat. Geog. 
Magazine, VoL II., ^o. 2, 1889. 
t Op. cit., p. 88. 
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IS known at way higher point north of the BariUiD, in eastern Jeney, 
It is exposed to a depth of thirty feet. 

South of the Baritan and east of the Millstone, traces of the gravel 
are likewise widespread over the red shale area, and oonsiderable beds 
of it are not wanting. It may be well seen within the limits of New 
Branewiok. The high areas west of New Branswick, in the vicinity 
of Yoorhees, Clyde, and Middlebush, are covered with beds of it, 
often several feet in thickness, while the lower lands frequently have 
no more than a sprinkling of pebbles, and sometimes none at all. 

Within the area between New Brnnawick and Millstone, as weU as 
at varions points north of the Baritan, especially about New Durham, 
New Market and vitunity, there are large numb^» of hard sandstone or 
quartsite stones, which have singnlarly angnlar forms. These stones 
are often scattered singly over the red shale surface. Their pecniiar 
angular forms and minntely pitted snrfaces are the result of the wear 
of sand driven against and over them by the wind. In many cases 
there is now no sand in their vicinity. Their forma show clearly 
-enough tliat they have not saffered transportation and wear since they 
received their shaping. It follows that the sand which shaped them 
muat have since been removed. The stones doubtless remain because 
they were too large for removal at the hands of the agencies which 
carried away the sand which shaped them. From the frequent asso- 
ciation of these stones with the border of the overwash plain south- 
east of Plainfield, it is possible that last glacial sand may have been 
the tool which, in the hands of the wind, produced much of the wear 
on the angular wind-worn stones. 

Smiihward di^rHnttion of the yellow gravel. — Still further soutli and 
-east, beyond the limits of the Triassio area, the yellow sand and gravel 
formation has a very wide distribution. Concerning tiiis point, Pro- 
-fessor Cook wrote : 

" This formation is not continuous throughout the southern part of 
the Blat«, althongh it is found unconformably upon all the older strata 
of the cretaceous and tertiary ages. It is common on all the higher 
grounds, and forms the crests of the hills and ridges. The tops of 
many of the Mount Pleasant hills from Neversink highlands west- 
erly, Arney's mount, in Burlington county, and the hills of the 
southeastern and the southern parts of the State are made up largely 
of this formation of drift. It is cut into at so many points on the 
lines of the New Jersey Southern, the West Jersey, the Camden and 
Atlantic and other railroads that it is not necessary to mention them 
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individually. In the greensond marl belt it is wanUng over quite- 
large areas, and it appears in email patches, but generally forming the- 
hill tops or making slight swells in the surface. Southeast of that 
belt it is not found uniformly throughout the country, but in belts. 
It would eeem as if it had been originally much more estensive, but 
the denudation of the surface and the drainage wash of the country- 
has removed it from large areas."* ■ 

Vertical dUtribution of the yellow gravel. — Without further details- 
concerniDg itB areal distributioD, reference will here be made to its- 
occurrence at a few points where its position is especially significant. 
It is well developed in the vicinity of South Amboy, occurring at 
elevations of about 150 feet, on the highest lands in the vicinity. 
It is likewise present on the lowlands, having a vertical range nearly 
as great as that of the land relief. It is present on the Navesink 
highlands, points of which are more than 200' feet high. Three- 
miles south of Matawan it occurs on the tops of isolated hills, the 
heights of which approach 400 feet, the highest points in this portion 
of the state. 

At various points north of Freehold it occurs at heights of more 
than 170 feet. Four miles north of Farmingdale it occurs 300 feet 
above the sea, while west of Asbury Park and east of Farmingdale 
it occurs at elevations of nearly 200 feet, with a great vertical range. 
At many points not distant from those where the gravel occurs at 
considerable heights, traces of it occur at all levels down to fifty feet 
and less. 

Where the gravel covers the hills, it generally has but slight thick- 
ness, rarely so much as twenty feet, oflen no more dian three or four, 
while freqaently only a trace of it remains. But these traces on the 
summits of the hills are full of signifkance ae indicating the former 
extent of the deposit. 

The general relations of the formation to the underlying beds is 
represented diagrammatically by the fbilowing figure: 

"Report of 1880, pp. 92, 83. 
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Fie. 8. 

Diagrtm llluBtratins tbe theoreUckl leUtione of the yellow graTel formatloD ; a a reprewnte 
tlie orl^nal pre-Plelslocene i'ellotv gravel, aa here suggCEted (see. 1., p. 161) ; A b reprceenla the 
^nenil leFel to irhlcb Uie surface was degnOed aubseqaent to ttie depoalllan of tbe oldest 
yellow grarel. before the first glacial epooJi («ee 2, p. 16&). The gravel on the surface b 6 repre- 
■fiODtB the gravel referred to later aa the older phase Of the aecODdary gravel and may be in part 
pte^Plelstocene (sec S, p. I£9|. The gravel oa the low terraces Uee repceeents the second phase 
of the secondary graTel tBee5,,p. 166). The numbers at the left of the diagram repreeent alU- 
■tudes In feet. 

From thia diatributioD it will be seen at a glaace that the yellow 
.gravel, as it dow oocurs, is no simple or single formation. There is 
no known natural process by which gravel can be placed on the snm- 
^ts of isolated elevations such as are represented in the diagram. 

Conjectured history (^ the yellow gravel formation. — There would 
eeem to be two ways in which the gravel could have reached the posi- 
tion which it now occupies on these hills. In the first place it may 
4iave been deposited on an approximately level surface, of which the 
4iighest hilltops now covered with it, formed a part. Oo this bypotbe- 
«i6, the surface on which the gravel was deposited was probably be- 
neath the sea. In this event we have, in the elevation of the remaining 
hilla, a minimum measure oi the amount of subsequent elevation. 
Since the elevation, rain and river erosion have so far worn away the 
«and and gravel, and lowered -the old sur&oe on which they were de- 
,poeited, that only isolated points, represented by the high hills, remain 
'to mark the horizon of the original formation. 

Th« second possibility is not radically unlike the first. It would 
«eem that hills might have been developed in the yellow-gravel 
■country somewhat as now, before the deposition of the yellow gravel. 
If, then, the land €ank, (he depressions between the bills might have 
become filled. Conceivably this process might have continued noUl 
the depressions between the hilla were bnilt up to the level of the 
^ills themselves, when gravel might have been laid over all. In this 
event, subsequent elevation or elevations brought the hind to such a 
position that river erosion again became effective. The present irregu- 
lar and hilly surface, with a reUef of nearly 400 feet, is the result of 
this work. 

Of these hypotheses, the first seems the more probable. Did the 
latter represent the sequence of events, it would not be likely to 
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happen that the present hille woald alwafB oorrespoad in position 
with thoee which antedated the gravel deposition. Hills developec) 
after the gravel was deposited, wonld be as likely to be developed be- 
tween the earlier generation of hills, as elsewhere. If the second 
hypothesis were true the fact that none of the highest hills have 
more than a relaUvely thin covering of the gravel * ooald be ac- 
counted for only by supposing that the earlier generation of hilla- 
corresponded in position with those which now exist. The improba- 
bility of this supposition throws doubt on the hypothesis which in- 
volves it. Furthermore, the first hypothesis is mnoh more simple,, 
and so far forth more acceptable, if it explains the facts equally well. 
In either case it would seem that the gravel deposited at any giveth 
sti^ most have been deposited on a more or lees inclined but nearly- 
plane surface, for there is no known method 1^ which water can 
carry gravel to the top of isolated hilla, leaving the interveniog- 
regions relatively leas deeply covered. 

In any case, the gravel-covered surface was lifted sul^eqaent to- 
the depoution of the gravel. So soon as the rise brought the gravel 
above sea-level, rain and river erosion began their work. Gnlliea- 
would be developed promptly so soon as the raised surface reached' 
such an altitude as to give the drainage water passing over the Bor- 
faoe any considerable fell. The gullies would presently have grown 
to the dimensionB of valleys, and the streams, Jengtbening and widen- 
ing and deepening their valleys as streams do, finally brought much- 
of the snr&ce to a level mach below that which the elevatibn, if un- 
opposed, would have given it. 

If the gravel were deposited under the conditions indioatedf its- 
present distribution, apart from that which caps the hills and higher 
areas, is the result of the re-dietributiou and re-arrangement of its 
constituent parts in subsequent time. Ae valleys were excavated, 
gravel and sand from the original surface descended their slopes and 
accumulated along their bottoms. Wherever flood plains were de- 
veloped, the gravel would be a constituent of them. If these pluns 
were developed at difFerent levels in suocessive stages of the history of 
the valleys, the gravel would be found at all these successive levels. 

* FrofesBOT Cook ia authoritj for the Btatemeiit that the thicknen of the formatioD- 
reache* fortj feet on the Mount Pleaaant hills of Monmouth countj, and posaibI;~ 
8ev«n^ feet on the highest of then. Such thicknesses as the latter hare not rame- 
undec our obeeiratioa and are certainlj ezeeptioDal. Op. int., p. 93. 
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But in the secooduy poeitions the yellow gravels should be fonnd 
mingled with snob other materials as were accessible to the rivers 
when the flood plains were being oonstmcted. These other materials- 
would have been derived from the sob-stratum of the gravel. And on 
mnoh of the lower land where the gravel occurs, and in the ternioe» 
representing the old flood phiins of the streams, the gravel is found to 
be tbns mingled with finer materials, apparently derived from the 
aoorcea indicated. In such sitmttions the gravel is often a minor 
constituent, the finer materials, derived from the sands, clays and 
marls of the r^ion, being in excess. Iron ooncretions, and masses of 
sand cemented by iron, derived from formations beneath the original' 
yellow gravel, are locally ahnndant in the gravel in its seooadary 
positions on the lower lands. The presence of the gravel on thfr 
lower lands would thus seem to be readily aoooimted for, and it cer- 
tainly possesses many of the differential marks whioh would be expected 
of it in seocmdary positions. 

There are some points in the distribution of the gravels which do- 
not seem to fit this hypothesis. It would seem that the gravel should 
not be thicker on the lower lands in secondary positions, than on the 
higher lands in {oimaty positions, and in general it is not But it is- 
oertaioly much thicker at some points on the lower than at most 
points on the higher lands, so far as now known ; that is, it is often 
much thicker in its secondary than in its primary position. Possibly 
this &xA calls for some modification of or addition to the simple oonrse- 
of events sketched above, though the modification need not be serious. 

If, after much eroeioD bad affected the original yellow gravel sur- 
face, the r^oQ where it occurs sank to such an extent that its lower- 
parts were submei^ed, it is oonoeivable that very ooneiderable thick- 
nesses of gravel, derived bom the original beds, might have aocnmu- 
lated oIoDg the marpns of the submerged area, and these aocnmulatious 
might have been relatively free from finer material which the waves- 
might have carried to more distant points. This may be a possible 
explanation ol the greater thickness of the material below the original 
plane of depoedtion. It is possible, too, that the original sooroes- 
whence the oldest yellow gravel was derived, a second time yielded 
mat^ial for a newer formation, comparable in character with the first, 
or ihat a newer formation of yellow sand and gravel was derived fron> 
alb^iether independent sources. There is much reason to believe in a 
widespread bat not deep submergence, long subsequent to the oldest 
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yellow gravel formation, and anteoedent to the glacial epoch, when a 
Beoond formatioa, which has been classed as yellow gravel and sand, 
waa made, more sandy, more arkose, and more heterogeneous than 
the first. 

Whatever may have been the details of the process, and difficult as 
it uow seems to unravel its complications, the general fact seems to be 
'dearly indicated that (he uppermost gravel repreeeats the original 
yellow gravel, and that the similar materials on the lower lands repre- 
sent a younger formation, derived in considerable part from the older. 

"While re-distributiou of the gravel began when the original forma- 
tion b^au to suffer erosion, and has not ceased from that day to this, 
there are not wanting facts which seem to indicate that two somewhat 
■distinct stages in the re>distribution, an older and a younger, may be 
■reoogaized. These may perhaps be connected with the attitudes and 
■altitudes of the land at two different periods. 

The gravel which seems to represent the older stage of re-distribu- 
tion covers those lands whose elevation, while distinctly below the som- 
mits, is still distinctly above the valley terraces and the corresponding 
Rowlands about the coast, which are believed to represent t^e younger 
stage of re-dbtribution. The two types of surface here referred to 
are sometimes thoroughly dbtinct. In such cases the differentiation 
seems clear. But in other places, the slopes between them are gentle 
and broad, and all distinction seems to vanish, Mr. Coman, who 
has seen much of the yellow gravel formation in all its phases, has 
found it impracticable to carry out the suggested distinction. 

In some places, that surface which represents what may be here 
designated the older secondary gravel, is generonsly strewn with bowl- 
ders. This is true a few miles southeast, south and southwest of New 
firunswiok, and to a less extent about South Amboy, as well as at 
many other localities not far south of the Raritan. At some localities 
north of the Raritan, as at Bonhamtown, the sand and gravel carry 
occasional bowlders. In all these cases the bowlders are predominantly 
of hard, compact, brownish-yellow standstone (Cambrian), while 
purplish quartzite (in part Green Fond Mountain) is the next most 
abundant oonstitnent. But other types of rock are by no means 
wanting. At Bonhamtown, the writer has seen in the face of the 
open pit at least one trap bowlder, and several large pieces of red 
shale, one four feet in diameter. Trap and crystalline schist bowl- 
ders may rarely be seen both north and south of the Raritan, 

The crystalline schist bowlders are generally rich in quartz and 
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poor in feldspar, a fact which has donbtlees enabled them to resist the 
proceaaes of dieiDtegration. It is posuble that bowlders of less 
resistant material ma7 onoe have ooourred in the same K^on in greater 
aboDdance than now, and that they have subsequently disappeared. 
No limestone bowlder has anywhere been seen in the r^on here de- 
scribed. In the absence of abundant deep ezposnres, it is difficalt to 
say how &r the apparent restriction of abundant bowlders to Hie 
surface may represent the real fact. The few deep expoeores seen, as 
at Bonhamtown and Jameeburg, have not shown an entire absence, 
but certainly a scarcily of them, beneath the surface. "Red shale 
tnassea especially, which are entirely wanting at the sorface, are some- 
times present below. 

Trap, crystalline schist, Green Pond Mountain conglomerate, and 
red shale bowlders, so &r as known, do not occur in the gravel which 
is here looked upon as the original yellow gravel formation. They 
occur in the older of the two secondary formations, where the above 
■division seems recognizable, but are rare in the younger. 

The presence of the bowlders, which are often ill-rounded, and 
sometimes altogether onronnded, sa^iests the co-operation of ice in 
the production of the beds containing them. Icebei^ from an earlier 
ice-sheet, or possibly the ice-sheet itself of an earlier epoch, may have 
been concerned in the distribution of the bowlders. The deoieion as 
to which of these agencies was concerned cannot be said to be beyond 
-question. But the size and local abundance of the bowlders, as well 
as their occasional glaciation, leave no room to doubt the co-operation 
of the one or the other. The character of the bowlders, as well as 
that of the gravel, seems to preclude any connection with the ice of 
the last glacial epoch.* 

Yellow gravel and the Colwa^ia formation in the wettem part of the 
-$taie. — The yellow gravel occurs in the western, as well as the eastern 
part of the state. It is well developed near Trenton, and more or 
less continuously from Trenton to the r^ion to which reference has 
been made. It occurs in the valley of the Delaware at Trenton, 
sometimes beneath the Ttenton gravel. As the Trenton gravel thins 
out east of the river, the yellow gravel rises to the surface from 
beneath it. 

'The abundance and great dza of lh«ee bowlden, as well u their occasional glacia- 
tion, was Kferiwd to b; Profaaaor Cook in his Annual Beport for 1880, p. SS. 
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The Delaware valley, tberefoie, must have been excavated to some- 
thing like its present depth before the last glaoial epoch. Into thi» 
valley the gravel from the surroundiiig country had been washed, if 
its original deposition antedated the excf^vation of the lower part of 
the valley, as is believed. On the other hand, if the valley were a» 
deep as now, before the yellow gravel was deposited, the valley gravel' 
might represent the original formation. Aa already indicated, we in- 
dine to the former hypothesis. 

In the eastern part of the state the southern part of the glacial- 
drift overlaps the northern border of the yellow i^raTel. To the weet^ 
the borderB of the two formations, aa now continuously developedr 
diverge widely from each other, the former ranning north of west^ 
and the latter south of west. Over much of the area included in the 
angle between these two diverging lines there is a sprinkling of cobble- 
stones, bowlderetfi and bowlders, the relationship of which is not alto- 
gether clear. They do not occur over the whole area, even sparingly. 
Considerable tracts of the extensive table lands north of Hopewell- 
and northwest of Flemington appear to be free from them. On the 
south side of the table land north of Hopewell they appear to be^ 
limited in altitude, though because of their very scattered distribu- 
tion, their upper limit is difficult of definition in advance of detailed 
work in the r^ion. They occur locally to an altitude of 200 feet,, 
and perhaps even higher. ReferriDg to this area, Professor Cook, 



"It is not an entirely driftleaa area. There are a few deposits^ 
which have somewhat the appearance of gUoial drifts, and which may 
mark the southern ends of lobes or tongues of ice stretching beyond' 
the general or frontal line of the glacier. It is, however, more prob- 
able that they are deposits of local fioods, especially as in all of them 
there are traces of stratification, 

" Throughout the oentral part of the State small bowlders of hard, 
rock, very smooth and round, are sparsely scattered over the surface. 
Stratified beds of earth, sand, gravel and small bowlders are found at 
ve^ many localities. The latter are common on the lower grounds, 
and especially in the valleys of the larger streams. The bowlders are- 
more widely distributed in the valleys and on the hills. Both of them, 
appear to be deposits in water, transported by the currents of broad/ 
streams or carried on floating ice, and dropped with less assorting. 
The aonthem limit of the coarser drift and cobbles is defined by the 
valleys of Lawrence's brook and the Aseaapink creek. South of the. 
line there are few bowlders, whereas north of it to the terminail mor— 
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aine they are common. The greater part of this drift, indadiDg the 
smooth and well-wom qoartzose bowlders and cobblestones, and the 
stratified beds of yellow sand and gravel, appear more like that in the 
southern part of the State, and it is an older glacial, or possibly pre- 
glacial, drift. But it is difficult to draw the line between it and the 
remaining part which came from the north and belongs to the modi- 
fied glacial drift, except that mach of it oooupiee a bi^er level. An 
incomplete series of observations npon the upper limits or distribution 
in height of the drift in this part of the State fixes the range between 
360 and 500 feet in the Great Bed Sandstone plain, and between 500 
and 900 feet in the higher valleys and on the hillsides of the high- 
lands. A submergence to this extent would have allowed ioeb^s 
and icefields to drop scattering bowlders and graves, and would 
explain the position of these erratics. Prom the Height of the gravela 
in Monmouth county it is evident that the submergence was at least 
380 feet, if not much greater. And this seems to correspond with 
the drift line in the central part of the State and in tlie red sandstone 
district."* 

We are inclined to think that the drift referred to in the preceding- 
psBsage is not all to be classed t(^;ether, and Professor Cook's lan^fuage 
does not neceeaarily imply that he so regarded it. We believe (1) 
that the northernmost parts, occarring at the high altitudes, are gladal, 
and referable to an earlier ice epoch, and (2) that some of that further 
south is of equal age with the earlier glacial drift, but of aqueous or 
of aqueous and iceberg origin (the Columbia of MoG^), while (3) 
still other parts are tentatively regarded as the equivalent of the yel- 
low gravel formation, and older than the oldest glacial drift which 
has been thus far recognized. It is hoped that the differentiation of 
these types may be made clear in the future. What is now known 
seems to indicate that topographic and geographic distribution will 
probably make possible the distinction between the first and second 
classes, the aqueous and berg drift being restricted to lower altitndea 
and mainly to lower latitudes. Differences in distribution will prob- 
ably not make possible the dififerentiation of the second and third 
classes. 

It will be remembered that in the eastern part of the state the 
yellow gravel originally extended much further north than the limit 
of its present continuous development. The same was probably true 
in the weat. The stony drift scattered over the sur&ce for a few miles 
north of the main body of yellow gravel in the western part of the 

*Op.cit,p. 81. 
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ataie, might, so far as its position is concerned, represent the remnant 
of a former northward ezteosiou of the yellow gravel, the finer parts 
having been carried away while the coarser remained. In the consti- 
tution of some of this drift, there is inherent evidence that sach is its 
ori^. The drift miiterials on the lower levels south of the glacial 
r^on, and north of the yellow gravel, are in kind very like the 
coarser materials which occnr abundantly on the surface of the second- 
aiy yellow gravel, and in its upper parts in numy places. This simi- 
larity sn^iests a genetic relation between the two. The topo- 
£^phic relations of the bowlders in the two classes of situations seem 
consistent with thur contemporaneous origin, at a date long subsequent 
to that of the original yellow gravel formation. 

Along the Delaware valley the lype of drift here referred to has 
been regarded by Mr. McGee as belonging to the Columbia form- 
ation, the southern chronol(^ical equivalent of the first glacial 
-epoch of the north. If the country were at this time so low as to 
flubmei^ all that part of the State where this phase of the drift oo- 
'Ours, it might have been possible for icebergs to carry bowlda« beyond 
the ice, distributing them as now known. The occasional glacnated 
flurfaces observable on the bowlders seem to support this interpreta- 
tion. If this be the correct view, the later part of the older of the 
two »ewnd(a^ phases of the yellow gravel is to be correlated with the 
Oolumbia. If the bowld^s in the yellow gravel area were confined 
to the swfaee of the older portion of the secondary ydloto gravel, they 
might have been distributed long subsequent to the development of 
the seoondery yellow gravel surface on which they He. In this event 
the Columbia formation is younger tlian the older of the two second- 
ary formations of yellow gravel. Too little is known of the consti- 
tntion of the deeper part of the secondary yellow gravel, to allow of 
positive oonolusions on this point at present. 

Sujianary. — If the last suggestion as to the relation of some parts 
-of the stony drift on the Triasuc area north of Trenton be the true 
one, the succession of events would be something as follovra, com- 
mencing with the yellow gravel : 

1. T?ietimeqf depotiiion of the ordinal yellow gravel, vhea the couxt' 
try was sufficiently low to allow the accumulation of gravel on lands 
which are now bills nearly 400 feet high (south of Matawan), and 
periiapsat equal elevations far north of the Raritan. Pre-Pleistocene. 
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2. An epoch of eUvaUon and extenave eroaon, duriDg which the 
generally level surface of the yellow gravel was oat down from the alti- 
tude of the hilis southeast of Matawaa and Hightatown, an altitude of 
350 to 400 feet, to the altitude of very considerable stretches of terri> 
tory which now stands at from 120 to 150 feet. Above this lower 
level, hills of greater or lees height were left standing. This epoob 
most have been of long duration. 

3. An epoch of depretaion, during which central and southern Xew 
Jersey was lower thaa now by something like 150 feet, and when, 
therefore, most of that part of the state lying southeast of a line run- 
ning from Trenton to Newark was submerged, as well as limited area» 
to Uie northwest of this line. With this amount of depression, cer- 
tain areas south of the line indicated would have stood above the 
water as islands. Upon the surface thus submerged, the older phase 
of the secondary yellow gravel, or perhaps a new and younger yellow^ 
arkcee sand and gravel formation, was spread. This interval of de- 
pression, or its later portion, may have corresponded with the first 
glacial epoch, wh^ the ice coming down from the north calved its- 
icebergs into the sea, whoice they were floated widely over the 
southern part of the state and beyond, and dropped in the sitnation» 
where they are now known to occur. These bowlders may have beea 
more or leas deeply imbedded in what was the surface material of the 
snbmei^ed area, according to the strength of the wavea and the 
amount of shore wash. The deposits made by this sea are perhap» 
to be regarded as Columbia, equivalent in age with the first glada) 
deposits. 

4. An epoch of devotion and eroaion, during which the height of 
the land was greater than before, and when the streams, therefore, 
were able to cut their valleys to greater depths than during the earlier 
epoch of elevation, perhaps to depths oomparable with those of the 
present. During this process, the d^:nidation and re-distribution of 
the remnants of the original (pre-Pleistooene) gravel formation went 
forward, at the same time that the secondary (Columbia?) gravel was- 
suffering erosion and re-distribntion. The erosion which took place 
during this interval was much less extensive than that of the preced- 
ing epoch of elevation. This may mean a shorter interval of time, or 
it may mean that the Colombia surface was much less elevated above 
the sea than was the original yellow gravel sorface in pre-Columbia 
time, when it suffered its greatest erosion. 
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An epo^ of sligM dtpresHon, daring which the deposits at some 
|H)ints ahove the coast, and along the lower ooorses of rivers, were 
made, from which the low stream terraces have heea subeeqnently 
'developed. This may have oorresponded in time with the last glacial 
«poGh, when the land may have heen so low as to allow of the pas- 
sage of water from Raritan bay to Trenton, but it more probably 
antedated the last glacial epoch. 

6. Subaequmt elevation to the extent of forty to sixty feet or more, 
accompanied by rejuvenation of the streams, followed by present 
^abBidence. 

The for^oii^ snggestions as to the sequence of events are not to be 
looked upon as a final judgment in the matter. It is no more than a 
tentative hypothesis of the sequence of events in oentral and sonthem 
New Jersey since the time of the original yellow gravel formation. It 
is not an hypothesis, however, which has no facts to support it. Many 
facts are now known which seem to be explained by it. There are 
«ome which, while not explained by it, do not militate against it. 
There are others which, at first thought, do not seem to favor it. It 
is possible that in the future data fatal to it may be found. But no 
such &cts are now known to the writer, and the hypothesis is here 
suggested for the sake of the criticisms and suggestions which its pub- 
lication may elicit. We believe that the full history will be found 
to be more complex than that here sketched. The stage here repre- 
sented by 3 will probably be found to be divisible into at least two 
phases. 

No affirmation is made concerning the date of the original yellow- 
gravel formation, except that it is pre-Pleistocene and that it ante- 
•dates the first glacial epoch by a long interval of time. The relative 
«mount of erosion which different formations have suffered is not 
always a safe criterion for estimating their relative i^, even when 
the formations are similar in kind, and therefore equally erodable. 
. The rate of erosion is so lately dependent on altitude, attitude, 
climatic conditions, and relatione to the sea and to large rivers, that any 
judgment based npon the relative amounts of erosion must be lightly 
held. But on this basis, if judgment were to be expressed concerning 
the age of the original yellow gravel, it would be to the effect that its 
origin was more remote from the b^inniog of the Pleistocene, than 
the b^inning of the Pleistocene is from the present. 
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A PRELIMINARY REPORT ON THE CRETA- 
CEOUS AND TERTIARY FORMATIONS 
OF NEW JERSEY, 

WITH SSPSCIAL BEfEBENCB TO HOHMODTH AND MIDDLESEX 
C0USTIE8. 



BY WajJAK BULLOCK CLABK. 



INTRODUCTION. 

An investigatioD of the coastal series of New Jers67 was com- 
menoed by the writer in the aatamn of 1891, and oontinued during- 
tlie spring and early sammer of the present year. On account of the' 
great distance of the t^on from the place of other and primary 
dnties, it was not until late in May that continuons and systematic 
work could be undertaken, and this had to be finally abandoned 
toward the end of July. The investigations in the antumn of 1891 
and dnring the spring of the present year were lai^y for the por- 
poee of acquiring a knowledge of the general relations of the strata,, 
and, if possible, of establishing sections at various points which 
would afford a basis for the ultimate correlation of the different hori- 
zons. With this object in view, numerous lines of natural exposure 
along the laiger streams which cut at right angles to the strike of 
the strata were followed, and the distingnishing characteristica of the 
various layers noted, both from a. lithologioal and palteontoli^ical 
standpoint. This was continned at short intervals &om the northern 
to the southern end of the marl belt, before detailed work was under- 
taken at any point. 

The reconnoiaaance of the region having been completed late in 
May, detailed mapping was oommenced in the vicinity of Freehold. 

(169) 
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This point was chosen partly from its central and accessible situation 

•in the marl region, but more especially becaase of the distinotness of 

"the stratigraphy, occasioned by the broken character of the oonntry to 
the north and west of the town. 

From this time on the writer had associated with him Messrs. O. 
W. Coman and H, S. Gane, the latter of whom had aided at times 

-daring the preceding spring and autumn. Both continued till the 
close of the field work in Jnly, and rendered most important service, 
acknowledgments for which are cordially given at this time. 

The r^ion mapped covers the United States Geological Survey 
Atlas Sheets of New Brunswick and Sandy Hook, about 400 square 
miles in all, exclusive of the water area. This tract is chiefly con- 
fined to northern Monmouth county, though portions of easteru Mid- 
dlesex are also iDoInded. It is planned to ooDtinue the work in the 
same manner throughout the remainder of the Cretaceous and Tertiary 
area of the State as rapidly as possible. 

A new nomenclature has been adopted for some of the diviuons of 
the series, as will be observed upon an examination of the text. 
The new terms employed are taken from localities where extensive and 
typical sections are found, and the reason for their use will be readily 

understood by referring to the text and map. The value of the old 
terms will be in all cases explained in the light of the new and the 
equivalents given. The use of lithological names, which are often 

' deceptive, has been continned for most of the divisions, since they have 
been so generally employed I^ earlier writers on stratigraphical 

.grounds. It may seem advisable, however, after a fuller study of the 
region, to replace many of these confusing terms by place names, but 

'for the present the old nomenclature is disturbed as little as possible. 

The preliminary report will deal largely with the distinctly marine 

phase of the Cretaceous, since it is that division of the series under 

-consideration which is most characteristic of the coastal portion of New 
Jersey. It is composed of formations that in tlie past have been a 
source of great economic wealth to the State, and to-day condition to 
a large dt^ree the limits of its richest agricultural r^ion. 

Each separate deposit of the Cretaceous-Tertiary series has been 
viewed too much in the past as an individual accumulation witliout 
reference to its relations to the entire sequence of deposits of which it 
is a part. The close interdependence of the different horizons has 
sever been clearly pointed out, since surface differences of color and 
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texture have often caused sharp distinctioiiB to be made that apoa 
etratigraphic grouDds are not warranted. Seoondsiy ohangee, too, 
4iave caused so extensive an alteration of the deposits over wide tracts, 
aloDg their thioned-ont edges, as to render the separation of the vari- 
•ons members of the series oftentimes very difficult 

The publication of the topt^^phic sheets has for the first time made 
it possible to accurately delimit the formations of the eastern portion 
«f the State. Found, as they are, dipping slightly eastward and with 
« line of strike that changes but slightly from a continuous trend, the 
limits of each horizon can be approximately mapped, even if la^^y 
obscured by later deposits. This form of mapping must naturally be 
«oni]ncted with great care, but where frequent outcrops are found, as 
was the case in the area examined, lines of almost absolute accuracy 
4uay be drawn. Throughout the more hilly country of the central 
and northern portions of the marl area the outcrops are much more 
-numerous that toward the soath, where the unbroken oharaoter of the 
t^on renders it often difficult over wide areas to definitely determine 
ihe limits of the various horizons. £ut for the artesian well-borings, 
-now so common throughout this portion of the State, great uncertainty 
would prevail over wide tracts. In conducting these investigations 
particular attention has therefore been given to the records of well- 
4>oring8. The State Survey has at all times carefully oollected infor- 
^aation of this character, and it will be found invaluable in unravel- 
ling the detailed stratigraphy of the Cretaoeous-Tertiary region. 

Borings to the depth of thirty feet have been made by the writer 
«nd his assistants at many points, so that the contact of the various 
•horizons has been frequently determined where natural exposures were 
not to be found. This method proved to be of the very greatest im- 
^rtanoe in the prosecution of the mapping, and rendered it possible 
to carefully control results in an area of limited outcrops, The boring 
apparatus used consisted of a common wood auger, one and one-half 
inches in diameter, welded to a rod three feet in length. At its upper 
extremity a thread was cut which would fit into ordinary half-inch 
gas-piping. The latter, in lengths of three feet each, were employed 
to the number of ten. It was not generally found to be advantageous 
for several reasons to attempt to go below thirty feet. A rod of iron 
-of the same size was used as a cross-bar, and except when coarse gravel 
or indurated layers were struck very little force was needed by the 
operator to propel the auger downward. The pieces of piping were 
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quickly attaelied by tneauB of ordinary gafi'pipe wrenches, so tbat th» 
croBS-bar ooald always be kept within easy reaob of tbe operator. A. 
simple lever was devised by means of wbich the rod oonld be readily 
withdrawn from the boring. Only occasionally, and in certain de- 
posits, was the oee of the anger impraotioable. Several inches of the 
materials penetrated oonld be obtained from the boring at each removal^ 
BO tbat the determination of the deposit was generally a simple matter. 
The boring machine was regarded as one of the most important aids 
in the work and scarcely a trip was made into the field witboat it. 
Information was gained that would have been impossible except by 
tedioos dicing. 

In the succeeding chapters of the report will be found an hiatorioal' 
sketch, in which the opinions of past workers in this field will be- 
briefly dted ; an outline of the topc^rapby ; and a statement in regard- 
to the stratigraphy, in which the lithologioal and paleontolc^cal char- 
aeteristicB of the several horizons will be disonssed. A final chapter- 
of considerable length will be devot«d to a disonssion of the origin of 
greensand. Its distribution apon the floor of the present oceans, and- 
during past geological time, will be considered, together with the theo- 
ries that have been advanced to aoconnt for its formation. The result, 
of the observations of the Challenger expedition will be particu- 
larly dwelt upon, and the New Jersey greensand deposits ezplaiueA 
in the light of recent research. 



HiaXORICAL SKETCH. 

The accessibility of the area, and the interest attaching to the mart* 
deposits, early attracted the attention of geologists to the coastal 
region of New Jersey. The earliest of American geological writingSr 
refer to the territory under discussion, and few portions of the country 
were more often visited for scientific investigation. The first impor- 
tant contribution to American geology, made by William Maclure *' 
in 1809, mentions the region, though in this publication the entire 
coastal plain is referred to the " alluvial formation," the fourth of 
the grand diviBions of the geological column, according to the Wer- 
nerian classification which Maclure adopted. 

Maclure Bubsequently revised and enlarged the work, which* 

•Am. Phil. 8oc. Trans, Vol. 6, 1809, pp. 411-428. 
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appeared in book form in 1817, and in the Transactions of the 

American Philosophical Society * for the same year. 

In a paper by Samael Aokerly, f published a few years subeeqaeot 

'to Maclnre's artioles, the " alluvial deposits " of northern New Jersey 
are discnssed in greater detail. In this paper the marl beds, t<^tber 
with their fossils, are referred to, bat no evidence is addaoed that the 

•author recognized their tazanomic position. 

In an article by James Pierce,^ published, in 1823, there is a 

■description of the marl district of Monmonth county. The general 

'topc^raphioal features of the region are referred to, while the extent 
of the marls, and the uses which they serve as fertilizers, are men- 

-tioned. 

By far the most important contribution to the stratigraphy of the 

-coastal plain, that bad up to that time appeared,'waB made by Prof. 

John Finch,§ in a " Geological Essay on the Tertiary Formations in 
America," in the American Journal of Science and Arts for 1824. 
This was the first attempt at a correlation of the deposits of the 

«oastal plain on scientific grounds, and although thus early in the 
history of the subject, minute comparisons, which are always unsatis- 
factory, were made, yet the knowledge of American coastal formations 
was materially advanced. He states that much which has been called 
■*' alluvial deposits," by previous authors, is identical and contempora- 
neous with the newer Secondary and Tertiary formations of France, 
England, &o. He considers the New Jersey deposits under the 
name of the " Plastic Clay and Sand Formation " and the " Ferrugi- 
nous Sand." 

In notes by Lardner Vannzam,i| arranged by Dr. S. G, Morton for 
publication in the Journal of the Academy of Natural Sciences, of 
Philadelphia, the attempt is made to more accurately delimit the "Sec- 
•ondary. Tertiary, and Alluvial formations of the Atlantic coast." The 
New Jersey strata are taken up for consideration and the marl deposits 
dnentioned, 

"Am. Phil. Soc. Trana., new Beriea, Vol. 1, 1817, pp. 1-9. 

t An Eesaj on the Geologj of the Hudson River and the Adjacent Resione, &o , 
■New York, 1820. 

{Notice of the Alluvial District of New Jersey, with remarks on the application 
■of the rich marl of that district to agricultare. Am. Jour. Sci., Vol. S, pp. 237-242, 
1823. 

I Am. Jour. Sci,, Vol. 7, 1824, pp. 31-43. 

li Philadelphia Acad. Nat. Sci. Jour., Ser. I., Vol. 6, 1829, pp. 59-71. 
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During the Tears 1630-33 Br. S. G. Morton published in the Ameri- 
cao Journal of Science and Arts a series of articles entitled "Synopsis- 
of the Oi:ganic Remains of the Ferruginous Sand Formation of the- 
United States, with Geological Remarks," in which the deposits and 
fossils of the New Jersey marl belt are especially oonsidered. Other 
articles appeared by the same author in the publications of the Phila- 
delphia Academy of NatorsI Sciences, while a special work embodying 
his results upon the same sabjeot appeared in 1834. 

The first official reports opon the geology of New Jeisey were pre- 
pared under the direction of Prof. H. D, Refers, and publications- 
appeared in 1836 and 1840, In the first report the formations of the 
eastern portion of the State are divided into the Tertiary and Upper 
Secondary. Although the marls are rect^ized and described with 
some fallness, their difierentiation into different beds was not attempted,. 
In the final report for 1840 a section is given, from Princeton to Little 
"Egg Harbor, of the Coastal Plain series in accordance with the views 
of the writer. In this section the basal member is classed as "Clays 
and Sands." Overlying this is "Gieensand," while above that to the- 
eastward is "Ferruginous Sand." Overlying the " Ferruginous Sand "" 
locally is "Brown Sandstone." In the text there is another division^ 
not shown in the section, which is interposed between the "Green- 
sand" and "Ferragiaous Sand" and known as "Limestone." These 
five divisions constitute the "Greensand Formation" shown upon the 
map that accompanies the volume. Although the various members 
are not clearly defined and widely diSereot materials are included' 
under the same division, yet the easterly dip of the strata was observed- 
asd the broaderdistinotions in the stratigraphy of the area were reo^- 
nized. 

The visit of Sir Charles Lyell to America ia 1841, during which- 
be examined the strata of eastern New Jersey, did much for the- 
pr4^res8 of geolc^cal investigations upon the Cretaceous and Tertiary 
formations. Lyell made nnmeroos comparisons of the New Jersey 
strata with simihir deposits in other portions of this country and of 
Europe. 

A second official survey was inaugurated by the State under tbe- 
dtrection of William Kitchell, and annttal reports were published for 
the years 1854, 1666, and 1656. The formations of the eastern por- 
tion of the State were deeoribed by the Assistant Geologist, Geoi^e H^ 
Cook, who was lal«r to become the head of the present Survey, and in> 
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that capacity to add more to the geological knowledge of the State than 
an; other who had preceded him. Id the first of these reports Prof. 
Cook rect^izee that " there are three distinct beds of marl," a decided 
advance over previona knowledge of the marl district. These three 
marl beds were examined by him with moch care and the character- 
istic feataree of each portion of them described in the reportB which 
he presented. 

Dnring the decade 1860-70 many special articles appeared, the' 
majority of them dealing with the paleontol(^y of the several forma- 
tions under consideration, Conrad, Cope, Marsh, Credner, Gabb,' 
Meek, and others oontiibated to this end, so that with the later work 
published and in press we have a fuller knowledge of the fossils of 
New Jersey than of any other district in the Atlantic Coastal Plain, 

Appointed State Geolopst, Prof. Cook presented a report of pro- . 
greee for 1863, and every subsequent year, until his death in 189,97 
reports were published, in which the investigations of a lifetime are- 
fonnd recorded. Closely associated with him in mnch of this work 
was Prof J. C. Smock, the present head of the Survey. It is un- 
necessary at this time to review the advance made each year, or to- 
refer in detul to each report. In 1868 a lai^ volume appeared,, 
entitled "The Geology of New Jersey," in which an extensive 
description of the Coastal Plain depoeits is found. In this report the- 
Cretaceous is divided as follows : 

r Blue IXarl. 

Upper Marl Bed i, Ash Marl. 

[ Green Marl. 



Middle Marl Bed... 



Yellow Limestone and Lime Sand- 
Shell layer. 



Green Marl. 
Chocolate Marl, 



I Indurated Green Earth. 

Bed Sand ■[ Red Sand. 

(.Dark Micaceous Clay. 

r Marl and Clay. 

Lower Marl Bed i Blue Shell Marl. 

t Sand Marl. 
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I Laminated Sanda. 
' \ Clay containing Greetuand. 



r Lignite. 

Plastic Clay \ Potters' Clay. 

t Lignite. 

The marls of Shilob and Jericho are referred to die Miooene, as 
well as an astriDgent clay that is found at many points to the east of 
the greensand belt, though there is some doubt expressed as to the 
age of the latter. An eztenBive discussion is given of the composi- 
tion and use of greensand as a fertilizer, and in the appendix is a list 
of the foseile found in the Cretaceous. In 1878 a report on the 
clays was published, in which tlie district contiguous to the Raritan 
river at Amboy and Woodbridge is principally described. Just pre- 
vious to hb death, Prof. Cook had commenced the publication of a 
series of final reports, but nothing especially relating to the geology 
of the State had appeared, although Yolame I. dealt with the 
topc^raphy, and thus, of necessity, the character of the underlying 
strata had to be briefly considered. Several volumes upon the pale- 
oatol(^ on the coastal plain formations in New Jersey are in pre- 
paration by Prof. R. P. Whitfield, and two have already been pub- 
lished, viz., the " Brachiopoda and Lamellibranohiata of the Raritan 
Clays and Greensand Marls of New Jersey," and the " Gasteropoda 
and Cephalopoda of the Raritan Clays and Greensand Marls of New 
Jersey." 

In 1884 Professor Angelo Heilprin published an important work, 
entitled " Contribntions to the Tertiary Geology and Paleontology of 
the United States," in which the coastal deposits of New Jersey are 
oonsidered. 

The boring of the artesian wells at Atlantic City called out articles 
by Mr, Lewis Woolman and Prof. Heilprin in the Proceedings of the 
Philadelphia Academy of Natural Sciences for 1887, which are im- 
portant for the added data presented upon the extent of the Miocene 
in New Jersey. 

Within the past year three general works dealing respectively with 
the Cretaceous,* Eocene,t and Neooene X of the United States have 
appeared in a series of Correlation Essays prepared under the auspices 
of the United States Geological Survey. In each of these works the 

•By C. A. White, f By W. B. Clark. tByW.H.DslI. 
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autboia have given a review of all that had been published down to 
the date of writing, and in each instance the deposits of New Jersey 
are fnlly considered. 



TOPOGRAPHICAL FEATURES. 

The r^on discaased in the eacoeeding pi^s ie a part of that great 
area of lowhuid bordering the Atlantic coast of North America and 
known as the Coastal Plain, It extends with constitntlf narrowing 
limits from, the South Atlantic States actoBS New Jaraej, beyond which 
its conUnui^ is broken, although represented in Long Island and 
other smaller land areas situated &rther to the northeastward. 

In New Jersey it is confined between the Atlantic ocean and a line 
passing np the Delaware river to its great bend at Trenton, and thence 
approximately following the direction of the Pennsylvania railroad to 
the vicinity of New York bay. 

It oomprises about 4,400 square miles, one-third of which is less 
than 60 feet above sea level. But little over a quarter of the area is 
above 100 feet, and only fifteen square miles exceed 200 feet in eleva- 
tion. The highest point is found to the south of Keyport and reaches 
391 feet. 

This plain slightly exceeds 100 miles in length and varies in width 
from twenty miles in the north to nearly sixty in the south. 

It is entirely surrounded by tidal waters, except for the twenty- 
eight miles from Trenton to the Raritan, where the height of the land, 
however, nowhere exceeds eighty feet. That elevation is reached at 
Monmouth Junction, on the divide between the waters which flow to 
the Raritan on the north and to the Delaware on the south. 

The area, as a whole, is characterized by broad stretches of low- 
land which represent portions of a once continuous plain that has lost 
its level sur&oe, due to the effects of erosion produced by the natural 
drwnage of the land. On the northern and weet«m sides the plain 
has sufTered more largely than to the southeastward, and new levels 
and deeper stream channels have been opened. An area of highland, 
which I shall call the Highland range, stretches across this portion of 
the State from the vioinity of Sandy Hook to the head of Delaware 
bay, and forms the divide between the streams entering the Atlantic 
ocean on the east and the Raritan and Delaware rivers on the west. 
Spinning in the prominent headland of the Highlands of Navesink, 
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which rise to 269 feet, it eztecdB westward as a clearly-defiDed ridge 
(south of Keyport reachioga height of 391 feet) for a distance of about 
fifteen miles, to the vicinity of Morgauville, beyond which the range 
broadcDs and, with a general elevation of 200 feet, extends aonth- 
Nward to Freehold. From this point the ridge turns to the southward 



as far as Clarksburg, in the vicinity of which is a group of hills 
more than 300 feet in height, the highest. Pine bill, being 372 feet 
above eea-level. From here the hdght of land extends southward, past 
Whitings and Woodmansie, with an elevation generally exceeding 150 
feet, but seldom reaching 200 feet. 

From Woodmansie, the divide runs slightly south of west, for a 
distance of about twenty-five miles, to the vioinity of Berlin, on the 
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Camden and Atlantic railroad. For more than a half of this dis- 
tance the watei-shed ia depressed below 100 feet, leaohing in one place 
«ghty-five feet. It fonns the lowest portion of the whole divide, 
snd the Banoocas creek and Mallica river, which drain on either side 
to the Delaware river and the Atlantic ocean respectively, mark the 
most depressed belt of lowland crossing soathem New Jersey. To 
the north of Serlin and near Clemeaton, the highland reaches a 
height, in two hills, of more than 200 feet, the last portion of the 
divide to attain that elevation. From Berlin, Bonthwestward to Glass- 
boro, the water-shed does not vary mnch from 160 feet in elevation, 
althongh a wide extent of conntiy in this portion of the State reaches 
100 feet above tide. From Qlassboro, the divide extends more nearly 
sontb to the bead of Delaware bay. 

NamerooB spars extend outward from the main divide, separating, 
on the one side, the various streams that enter the Atlantic ocean, and 
on the other, the several tribataries that enter the Baritan and Dela- 
ware rivers. Among the more noticeable of these spurs of highland 
on the ocean side may be mentioned the ridge which extends nearly 
dne east from Freehold, and which, less than a mile from Asbnry 
Park, has an elevation of 184 feet. The most prominent of all the 
minor ridges is that extending southeast from Woodmansie toward 
Bamegat, and having an elevation of 154 feet not far to the west of 
that village. Another spar extends down the line of the railroads to 
Atlantic City. Other branches of the main divide, with an elevation 
exceeding 100 feel, extend southward to beyond Vineland, on the 
spur between the Great 'E^ Harbor and Maurice rivers, and to 
WoodrufF, on the spur between the Maurice river and Cohansey creek. 

On the westward side of the main divide, there are fewer promi- 
nent spurs, as the streams are smaller in size. Extending to the 
northwest, from the group of bills near Clarksburg, is a ridge of 
highland which forms the divide between those tributaries of the 
Baritan and Delaware rivers which have their rise in the Coastal Plain, 
To the west of New Egypt, is an area of highland that is quite en- 
dircled by the tributaries of the Crosswicks and Bancocas creeks, 
although smaller streams that reach the Delaware directly take their 
rise upon its western border. To the southward the spurs form a lees 
prominent feature in the topography, although in some instances, as 
in the case of the divide between Baccoon and Oldman's creeks, 
maintfuning an elevation of over 100 feet for several miles. 
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That the streams flowing to the southweetward into the Atlantic 
ocean differ in a marked d^ree from those that drain to the north- 
-weetward has been pointed ont by Prof. Cook, The valleTs of the 
Atlantic drainage are broad and level, the land rising gently on either 
bank, while the ohannelfl of the streams fiowisg into the Delaware 
have much steeper slopes, and are generally U-shaped. An explanation 
for this will be fonad npon an examination of the stratigraphy of the 
r^on, since the strata dip slightly to the soatheastward, so that the 
BtreamB flowing in that direction follow the dope of the beds, while 
those flowing to the northwestward mast cat across their nptnxned 
edges. Ab the strata vary in hardness the widening of the channel 
must be retarded by the hardest layers. A fuller sooount of this sub- 
ject is given by Prof Cook in Volume I. of his final reports of the 
Geological Sorvey of the State. 

BTRATIGRAPHICAL CHARACTERISTICS. 

The Coastal Plain formations of New Jersey extend in a general 
northeast and sonthwest direction across the State. Their deposits and 
fossils present the same general characters throaghont the area, so that 
the litholo{^cal divisions, established by Prof. Cook chiefly npon in- 
vestigation in the north, apply almost equally well to all portions of 
the State. It has been the aim of the writer to hold as closely ss pos- 
sible to the nomenclature established by Prof. Cook, as it does not 
seem advisable at present to introduoe new terms which would confuse 
the general reader. A few changes of importance in the general divi- 
sions of the series have, however, been rendered necessary, the grounds 
for which will be presented in subsequent pages. 

In the following table the various divisions of the Coastal Plain 
series of New Jersey are given in aooordance with the views of the 
writer : 

' Pleistocene. 

Neoceae Miocene. 

Eocene Shark River Marl... i „ „ . „ , 

Manasquan Marl...} ^PP*" *^' ^■ 
Middle Marl Bed. 
Red Sand Formation, 
Lower Marl Bed. 
Clay Marl Formation. 
Baritan Formation. 



id by Google 



X 



'V' 



idb, Google 



,db, Google 



THE STATE GEOLOGIST. 



BABITAN FORMATION. 



The term Baritan, employed as the distinctive name of this forma- 
tion, is one whiob has been so long nsed by Cook, Newberry, Smook 
and others, for a greater or less portion of the series ander considera- 
tion, that its retention and wider application seem fally warranted. 
The more recent investigations of Prof. Lester F, Ward, to be 
shortly pabliehed, show, however, a much closer relationship between 
the leaf-bearing beds of Amboy, Woodbridge and neighboring 
plaoes and the Potomac formation of Maryland and Yir^nia than 
has been hitherto sappoeed to exist, and upon these grounds the 
inclusion of the deposits in that division seems to be indicated. 
Until more complete connection can be shown, however, between 
them, both stratigraphiosUy and paleeontologically, it seems to the 
writer inadvisable to definitely refer them to the same formation. 
The term Plastic Clays, employed hitherto by the State Geological 
Survey, is so inadequate an expression for the formation onder con- 
uderation that it is abandoned, although the limits assigned by Prof. 
Cook to that divi&ion are very nearly the same as those given to the 
Karitan formation. 

The widtli of outcrop covered by the Karitan deposits is estimated 
at about dght miles in Middlesex county in the vicinity of the Bari- 
tan river, where the strata are best exposed. Beyond Trenton, they 
include only a narrow belt along the right bank of the Delaware 
river, the chief development of the formation here being found in 
Pennsylvania. 

The strata nnconformably overlie the red shales of the Jura-Trias. 
They consist largely of clays and sands, many of them of great 
economic value. In the Beport of the Clay Deposits published by 
the State Geological Survey in 1878 a detailed section, combined 
from all the available exposures in the worked district, is presented, 
and is reproduced here, as affi>rding the most accnrate sequence of 
the chief deposits of the Baritan formation available at the present 
time. Many of the strata, particularly the sandy beds, change in 
thickness and texture quite rapidly, so that the section can only be 
conudered as typical within narrow limits. There is no natural sec- 
tion that shows more than a quarter of the entire series. 
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COLUMNAR SECTION OP THE RAEITAK FORMATION.* 

Sand and aandy olay, with lignite beds 50 feet. 

Sandy clay and aand 40 " 90 feet. 

Stoneware clay bed 80 " 120 " 

Sand and sandy clay 60 " 170 " 

South Auiboy fire day bed 20 " 190 " 

Sandy clay 8 " 193 " 

Sand and kaolin 10 " 208 " 

Feldspar bed 5 " 208 " 

Micaceous sand bed 20 " 228 " 

Laminated clay and sand 80 " 268 " 

Kpeclay (top white clay) 10 " 268 " 

Sandy olay 5 " 273 " 

Woodbridge fire clay bed 20 " 298 " 

Fire sand bed 15 " 808 " 

Rarilan fire clay bed 15 " 828 " 

Sandy day, with lignite. 4 " S27 " 

Karitan potter's clay bed 20 " 847 " 

An examitiatioD of tlie seotiotiH in the vicinity of the Karitan river 
Bhows a preponderance of clays in the lower, and of aand in the upper 
half of the Beries. No nnconformity is found at any point beyond 
the base of the seriee which rests on the Jora-TriaB, although the 
indiyidaal beds of sand often meet along sinuous lines and exhibit 
frequent instances of cross-bedding. It is difficult to assign a limit 
to the upper portion of the seriee, since no unconformity occnrs, and 
similar deposits are found in the overlying or Clay Karl formation. 
The conditions andoubtedly changed gradually. Alternating beds of 
clay and sand were formed during the transition stage, before the dis- 
tinctly marine phase of olay marl deposition began. The strata 
are undistiirbed in the main, having been bodily elevat«d in th& 
epeirt^enic movements that have produced the Coastal Plain. They 
appear to lie very nearly horizontal, bnt careful estimates that were 
made by Prof. Smock, in preparing the report on the clays, show 
that the lower beds have a dip of about sixty feet to the mile, which 
is gradually lost in the overlying strata, until, at the horizon of the 
stoneware clay bed, it is hardly thirty feet to the mile. It is possible 
that much of this may be due to difference in the original planes of 
deposition produced by sedimentation. The strike of the strata is 
about N. 50" E. 

The foaails described from the Baritan formation are chiefly of 

•Beport on the Clay Depositis 1878, p. 34. 
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plaat origin, and consist, both of leaf impreseionB and lignite. Prof. 
J. S. Newberiy * published a preliminary account of this flora 
in 1886, since wbich time nntil hia death he had in preparation an 
exhaustive monograph upon the subject. More recently, Prof. Ward 
has taken up a study of the same flora, and has instituted comparisons 
with the forme from more southern localities, and finds a mnch larger 
percentage of species identical with those from the Potomac and Tus- 
caloosa formations, than has been hitherto supposed to be the case. 
We may thus, in these several formations, be dealing with deposits of 
contemporaneous origin, bat more extensive study is necessary to 
finally establish that condnsion. 

Some years ago Prof. L. Lesqnereaz examined specimens of leaf 
impressions from the Raritan formation, and identified several forow 
with those from the Dakota formatioB of the interior. Prof. New- 
berry, who has more fully examined the flora, corroborates the same. 
In his excellent essay upon the Cretaceous of North America, Dr. C. 
A. White statesf that Prof. Newberry has identified 160 species of 
fossil plants from the Raritan formation, of which 120 are angio- 
sperme, 6 are conifers, 12 are ferns, and 2 are cycads, and he con- 
siders that they afford " intrinsic evidence of Cretaoeoas age." He 
further places them at the base of the Upper Cretaoeous. 

Invertebrate fossils, particularly, are very rare. Dr. T. A. Conrad, J 
in 1868, described two ^>ecies of shells, and in 1886 three more were 
added by Prof. R. P. Whitfield. § They are : 

Aitarle veta Coorad. Ambonieardia Cookii Whitfield. 

Corbicula. emacerata Whitfield. Corbicida annom Conrad. 
Onaihodan tenuidens Whitfield. 

Since the specimens obtained have all been caste, Prof. Whitfield 
sa^s " the generic characters of all of them are obscure, and cannot 
be positively affirmed, as their interiors are unknown. They would 
seem to represent Onathodon, Aatarte and Gorbioula, and the one most 
common, a new genua, which I have called Av^onicardia." They 
are all brackiah-water types. 

The character of both deposits and fossils indicatee ehallow-water 

•Torre? Bot Club Bull., Vol. 13, pp. 33-37. 

fU. S. Geol. Surv., Bull. 82, p. 94. 

X Am. Jour. Conch,, Vol. IV., p. 279, pi. xx., figs. 4, 5. 

§ U. S. Geol. Surv. Mon., Vol. IX., pp. 22-28, pi. 11., figs. 1-14. 
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aocomnlation and the prevateDce of strong carreota, -which, at times, 
bore Urge qaaotities of die coarser sedimeots, since sand and even 
gravel occur. The invertebrate molluscan life points to brackish 
water, periiape estnarine conditions, for a portion, at least, of the 
strata. The presence of greenBand bo oommon in the deposits of the 
saoceeding periods, necessitating deeper water conditions, has not been 
observed in the Raritan strata. It has been a anbject of freqnent dis- 
ODMiOQ how these deposits of sand and clay, which border the Jora- 
Trias, and yet were not derived from it, were formed. 

The character of the materials shows that they most have been 
largely derived directly from the crystalline rocks. As the Raritan 
formation does not come in oontaot with such rocks along its western 
border, it has been freqnently en^ested in the past that an area of 
crystalUoes mnst have existed to the eastward, to afford the materials 
for the deposits in question. A study of the draini^ of the Jura- 
Triaa belt which separatee the Raritan formation to-day ti-om the area 
of orystalline rooks beyond, ts of interest in showing the probable 
extension of the basal member of the Coastal Plain series qaite over 
the red shales of the Jnra-Trias to the border of the crystalline 
region, and at the same time affbrds a snffitnent explanation for the 
abeence of sediments derived from the Jura-Trias itself. 

Prof. W. M. Davis* has recently presented the evidence for this 
wide eztensioa of Raritan sediments in an article in the National 
Geographic Mi^zine. Although not claiming that the explanation 
offered is conclusive, he presents a aeries of deductive tests that seem 
fully warranted by the facts as shown by the streams that cross the 
Watohuog mountains, " the curved edges of two great warped lava- 
flows of the Triaasic belt. The noteworthy feature of this district is 
that the small streams in the southern part of the orescent rise on the 
back slope of the inner mount^n and cut gaps in both mountains in 
order to reach the outer part of the Central Plain. If these streams 
were descended direotiy or by revival from ancestors antecedent to or 
ooDseqaent upon the monoolinal tilting of the Triaesic formation, they 
would not possibly, in the long time and deep denudation that the 
region has endured, have, down to the present time, maintained courses 
so little adjusted to the structure of their basins. In so long a time 
aa has elapsed since the tilting of the Triassio formation the divides 
would have taken their places on the crest of the trap ridges and not 

•Nat Qaog. Mig., Vol. II, No. 2, pp. t-30, 1890. 
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behind the creat on the back slope. They cannot be anbeeqnent fitreams, 
for snch could not have pushed their sonrces headwards through a 
hard trap ridge. Snbeeqaent streams are developed in acoordanoe with 
Btmctural details, not in violation of them. Their courses must have 
been taken not long ago, else they must surely have lost their heads 
back of the Second mountain ; some piratical subsequent branch of a 
larger transverse stream, like the Passaic, would have beheaded them. 

The only method now known by which these several doubly-trans- 
verse streams could have been established in the not too distant past is 
by superimpoeition from the Cretaceous cover that was laid upon the 
-old Schooley peneplain. It has already been stated that when the 
Highlands and this region tt^her had been nearly base-leveled the 
-coastal portion of the resulting peneplain was submerged and buried 
by an unconformable cover of waste derived from the non>submei^d 
portion ; heuoe, when the whole aiea was lifled to something like its 
present height a new system of consequent streams was bom on the 
revealed sea bottom. Since then time enough may have passed to allow 
the streams to sink their channels through the unconformable cover 
^and strip it off, and thus superimpose themselves on the Triassic rocks 
below. We should therefore find them, in so far as they have not yet 
been re-adjnsted, following inconsequent, discordant courses on the 
under formation. The existing overlap of the Cretaceous beds on the 
still buried Triaseic portion of the old Schooley peneplain makes it 
evident that such an ori^^ for the Watohung streams is possible, but 
it has not yet been independently proved that the Cretaoeous cover ever 
reached so far inland as to cross the Watchung ridges. 

Want of other explanation for the Watohung streams is not satis- 
ftu^ry evidence in favor of the explanation here suggested. There 
should be external evidence that the Triassic area has actually been 
submerged and buried after it was base^leveled to the Schooley pene- 
plain and before it was uplifted to its present altitude ; other streams 
as well as the ones thus &r indicated should bear signs of superim- 
poeition, and if adjustment of the superimposed courses has b^un 
it should be systematically carried ^rthest near the largest streams. 
I shall not here state more than in brief form the sufficient evidence 
that can be quoted in favor of the first and second requisites. Suffice 
it to say that the overlap of the Cretaceous beds (which contain prac- 
tically no Triassic fragments) on the beveled Triassic strata at Amboy 
;and elsewhere indicates snbmergenoe after base-leveling, and that the 
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pebbles, sands, and maris of the Oretaoeons eeriea point clearly to tiie' 
Highlands as their source. The sabmergenoe must therefore have- 
reached inland across the Triaaeio formatioD at least to the margin of 
the crystalline rocks. Some ehore-line catting must have been done at 
the mai^o of the Highlands during Oetaoeons time, but the generally 
rolling snrfaoe of the old peneplun leads me to asoibe its origin ohie&y 
to Babaerial wasting. Moreover, the North branch of the Karitan,. 
between Mendham and Peapaok, and the Loekatong, a small branch 
of the Delaware on the West Hnnterdon sandstone plat«an, give strik- 
ing indications of saperimpositson in the disoordanoe of their couraes- 
with the weaker struotnral lines of their basins, so unlike the thor- 
oaghly-adjnstedcoarseoftbeMasooDetooagand its fellows, the Pohat- 
coDg, the Lopatoong, and others." 

The further proof of the inland extension of the CretiLceoos and the 
resulting saperimposed origin of the Wat«hang streams Prof. Davis- 
states in detail by a series of deductive teste, which the writer will 
not introdnce here, referring the reader to them for a fuller under- 
standing of the subject. 

The great economic value of the days and sands of this formation,, 
both on account of their fine quality and ready means of export, makes - 
a detailed study of them and the bringing of the information of the- 
1878 report up to date, a matter of mnoh import. Thus &r the work 
performed by the writer has been chiefiy that of determining the gen- 
eral geoli^ical features of the formation and mapping its boundaries. 



CLAY MABL FOBMATIOIT. 

The name Clay Marls was first applied by Prof. Cook to the' 
deposits of this formation. Although the term does not adequately 
designate the same lithologically, it has been so definitely employed 
in a stratigraphical sense as to render its retention necessary. 

The strata of the Clay Marl formation rest oouformably upon 
those of the Raritan, and in the interbedded sands and olays near 
Cheesequake creek, gradually grade from the one into the other, so 
that the determination of a satisfactory dividing line between them is- 
attended with very great difEculty, 

The strata of the Clay Marl formation occupy the region to the- 
east of the Raritan formation, and in Monmoutli county attain a- 
width of from five to seven miles. They are oonformably overluQ' 
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b7 the deposits of the Lower Marl Bed which are situated upon their 
eastern border. Id contradistiDction to the lower boandary, it is 
generally easy to determine the upper limits of the Clay Marl forma- 
tion, since a marked change in sedimentation characterized the eoo- 
ceediDg period. The entire thickness of the formation is estimated at 
about 275 feet. The strike is N. 50° E., and the dip varies from 25 
to 40 feet to the mile toward the southeast. 



Section ol Cl&y lUtirl rormallon on left bnnk of Uauwon cieek, ne&r KerpoK- 

The deposits consist chiefly of dark-oolored clays with interbedded 
layers of sand, the latter becoming very pronounced toward the upper 
portion of the formation. At infrequent intervals in the clay deposits 
are thin bands of green saud and green clay that only in a few locali- 
ties beoome an important element in the series. The conditions neces- 
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flary for their formation ODly temporarily and locally prevuled. The 
character of the deposits shows that they were laid down at moderate 
depths, probably entirely within the shallow-water zone. During 
much of the period the accnmulation of sedimeats was relatively 
slow as compared with the Baritan period, although very much more 
rapid than during the remainder of Cretaceous time. The deposits 
were derived irom the crystalline rocks, with here and there a pro- 
nounced admixture of carbonate of lime derived from the shells of 
oiganisms. The presence of glauconite in the greensand layers is 
aooounted for on the ground of secondary formation, and will be 
folly explained in a later chapter on the origin of greensand. 

An excellent section is afforded by the bold hluSs on the shores of 
the Raritan bay between the mouth of Cheeaequake creek and the 
Navesink Highlands. The olaya are especially well shown between 
-Cheeeequake and Matawau creeks, both along the bay shore and also 
in the railroad cuts. At Matawan point and along the left bank of 
Matawan creek, in the lai^ excavations that have been made for 
brick clay, are thin layers of greensand irregularly scattered through 
the deposits. At the base of the Highlands ore ioterbedded sands 
and clays, the sands frequently laminated and oftsn highly ferrugi- 
nated from the hydrous iron oxide that has peroolated throngh ^e 
deposits. Although reaching quite to the top of the bluff in the vicinity 
of Atlantic Highlands, the strata decline to the eastward until they 
disappear below water-level. The shore of the Baritan bay between 
the mouth of Matawan creek and Atlantic Highlands is low, and the 
Clay Marl formation throughout most of this r^ioo is buried beneath 
recent deposits. In the sonthem portion of the area mapped, along 
the line of the Freehold and Jamesburg railroad, is another good sec- 
tion of Clay Marl strata. This section is interesting in affording, 
about one mile east of Lower Jamesburg, in a railroad cat, a layer 
■o( greenish sandy clay several feet in thickness. Nearly on the 
southern edge of the map at Bergen Mills a boring of twenty feet was 
made into a deposit of green clay without passing through it. That 
the Clay Marl formation at times contains an important admixture of 
greensand and clay is dkown further by the fact that the strata have 
been frequently dug for marl and at times with good results. Prof. 
-Cook mentions twenty pits where the Clay Marl deposits have been 
■dug as fertilizers. On the whole, however, the greensand holds a 
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macli lees important position in the Clay Marl formation than in the 
overlying members of the Cretaceous seiiee. 

In the intermediate area lying between the Freehold and Jameaburg 
railroad and the Baritan bay there are few extensive sections of Clay 
Marl strata. The clays and sands ontcrop over much of the area and 



determine the character of the soils, although frequently intermixed 
with later deposits. Along the eastern border of the Clay Marl 
formation in Uie vicinity of the higher lands of the Highland range 
more fi^qnent sections are found than elsewhere throughout the 
r^on. 
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On the Bontheaet side of the Highlands several streams io their 
apper coarees out down to the Clay Marl strata. The two large triba- 
taries of Hop brook, which anite at a short distance below Holmdel, 
rnn nearly their entire length upon the Clay Marl formation. The 
lower banks of these streams throughout this distance and even a short 
distanoe beyond their junction, are formed of sands and interstratified 
clays and sands that are readily distinguished from the deposits of the 
Lower Marl Bed which overlie them and which farther characterize 
the Clay Marl formation on the weefern and northern side of the High- 
lands. As the streams in general cut but a short distance into the 
-Clay Marl strata, the width of exposure in each iustauoe is limited, and 
on the map the surface outcrop appears as long, irregular bands that 
follow the windings of the stream channels. A third detached outcrop 
of Clay Marl strata is found at the headwaters of Big brook, another 
tributary of Hop brook. It occara under similar conditions as upon 
the other tributaries. Since all of the streams are flowing in the direc- 
tion of the dip of the strata, they cease to cut into the Clay Marl de- 
posits when the pitch of the channel is reduced upon passing out into 
the lowlands south of the Highland range.- 

The fossils of the Clay Marl formation have not been as yet very 
fully collected or studied. Prof. 'Whitfield refers a number of species 
to that horizon, but, as he himself states, there is much doubt in the 
case of many of them. The specimens collected in the past from New 
Jersey generally had no locality names, so that the^ have no value 
from a stratigraphical standpoint. Some of the species are known to 
be identical with those from the Lower Marl Bed, while others have 
not been found there. Before any definite knowledge can be gained 
in regard to tfae fauna of the Clay Marl formation, systematic collec- 
tion of the fossils must be undertaken. 

Fossils have been found at Crosswicke, at Haddonfield, on the Pen- 
sauken creek near the crossing of the Philadelphia and Long Branch 
railroad, at Woodbury, and other points. 

The days of the Clay Marl formation, near the shores of the Raritan 
bay, particularly in the vicioity of Matawan, are extensively used in 
the making of brick. 
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LOWER MABL BED. 



The Lower Marl Bed, so named by Prof. Cook, ia perhaps better 
koown than aaj other member of the coastal series of Xew Jersey, 
both on acconnt of the many and valuable pita that have been opened 
for marl within its limits, and also on account of the great number of 
fossils that have i>een collected and described from it. 

The strata of the Lower Marl Bed overlie the Clay Marl forma- 
tion conformably, although distingaished from it by a marked change 
in the character of the deports, so that the boundary line may be 
readily detected at all points. So sharp is the break that the auger 
has constantly been resorted to for its determination, where natnral 
exposures were not found. Its upper limits, bordering the Bed Sand 
formation, although not so sharply defined, are readily recognized in 
most instances. 

The Lower Marl Bed is a characteristic greensand, glauconite enter- 
ing to a marked extent into its composition. The lower two or three 
feet of the bed are frequently more highly qnartzose than the over- 
lying strata, in this respect showing the change from the sandy layers 
of the upper portion of the Clay Marl formation to the typical green- 
sands of the Lower Marl Bed. It has been referred to under the 
name of sand marl. Above the sand marl is a very compact blue 
marl, which is highly glauconitie, and contains a considerable admix- 
ture of fine mineral particles and comminuted shells. Near the mid- 
dle of the blue marl bed is a firm shelly layer, a foot or so in thick- 
ness, whidi is composed almost entirely of the shells of Oryphcea 
venou^om. The upper portion of the bed i^in shows the presence of 
much land-derived material. It is highly argillaceous, and, Just at 
the top, frequenUy quite sandy. 

In general, there was a decided deepening of the waters during the 
period of the accumulation of the deposits of the Lower Marl Bed as 
compared with previous Cretaceous time. Deposition was also much 
less rapid, as is shown in the production of the extensive greensand 
deposits, the origin of which will be more fully explained in a later 
chapter. The depodts of the Lower Marl Bed were doubtless forlued 
near the border of the shallow-water zone, at a distance of perhaps 
ten to fifteen miles off the coast, under conditions similar to those in 
existiog seas where greensand accumulation is now going on. 
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The Lower Marl Bed varies irom thirty to fifty feet in thiokness. 
The strike changes locally, but is generally N. 50° E,, which has 
been hitherto mentioned as characteristic of the earlier formations. As 



Vis. 4. 

Section of b]uff at Atlantic Highland!, ihowlng Clay Uarl lOimatlon, Lawer Uaxl Be<l, and 
Bed Baud fornuttlou. 
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the boDDdary brtween the day Mml formation and the Lower Marl 
Bed is, aa preyiooaly stated, one of the most dearly reoc^ised in the 
coastal series, on socooot of the dififerenoe in the character of the 
deposits of the two hcnimns, the ineqn&litiee in the line of contact 
may be very easily observed. This is distin<^7 exhibited along the 
north and west planks of the HigUand range, and may be dearly 
fdlowed to and beyond the Freehold and Jamesbnrg railroad. A 
difference of thirty or forty lest in vertical devation is recognized 
here. 

The Lower Marl Bed is foond chiefly outcropping on the north 
and west flanks of the Highland range, so that the areal distribution 
of the str^ is not great. Upon the steeper dopes it becomes mnoh 
contracted and is represented by a narrow band upon the map. 

A typical section is shown npon the high blofis of the Navesink 
Highlands. Overlying the Clay Marl depodts, just to the east of 
AtlantJo Highlands, the Lower Marl Bed has a thickness of aboat 
fcaty feet. It b here oomposed of two or three feet of sandy marl at 
the base, which is overlain by twenty-five feet of greensand, becoming 
alliaceous in the opper part. Capping this, is a depodt of black 
clay fifteen feet in thickness, the apper portion of whidi is highly 



Constant sections are to be found in the marl pits all along the line 
of oatorop to the southwestward. It is sddom, however, that a com- 
pile series can he obtained, as the bottom of the bed is not often 
readied in these artifidal ezposnres. 

The larger streams which flow to the south and east from the High- 
land range, have cut very generally into the Lower Marl Bed, and 
along the broader and deeper channels have afforded wide surface 
ezpoeoree of that formation. Along some of the deeper lines of 
depression across the Highland range, the surface ezpoeore extends 
continuonsly from the west and north sides to the east and south. 
This is shown along two of the larger streams entering the Navesink 
river from the north, and, npon even a larger scale, along Hop brook 
and its tribataries. 

Albng the thinned-out western edge of the formation, the green- 
sand has been extendvdy weathered, so that it is often difficult to 
separate it from the overlying Bed Sand. This is distinotly shown 
near Bobertsville, where the bed stands at a high devation and has 
been so mndi eroded that it forms but a thin coating over a condder- 
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able area. As the thicker and more oompact portions still show the 
unaltered greensand, Aere can be no doabt as to its stratigraphio 
position. 

The fossils of the Lower Marl Bed are very nnmeroos, &r exceed- 
ing in number of species, so &r as the animal forms are oonoemed, 
those from all the other formations combined. The oonaitions must 
have been nnosually favorable for the existence of this varied &una, 
while the great number of individnab shows that those conditions 
must also have been very favorable for thdr interment and long pres- 
ervation. They di&r greatly, however, in their state of preservation. 
The representatives of the Ostrmdm and SpondyHdee are fonnd with 
their shells intact, while most of the other moUnscan types are known 
only in the form of caste. The shells of the common species Exogj/ra 
eoslata and Grypfuea veeioularia are so hard that fine specimras are 
frequently picked up in the fields which have been strewn with marl. 
The localities from which the specimens hitherto oollect«cl and described 
were obtained are so indefinitely stated in most instances that it is im- 
possible to tell to what horizon they properly belong. It even becomes 
very uncertain in many instances Aether the spedmens were derived 
from the Clay Marl formation or from the Lower Marl Bed. TTntil 
systematic collection is undertaken it is impracticable to try and 
separate them. 

In his recent publications npon the palseontology of New Jersey 
Prof. R. T. Whi^eld describes trom the Lower Marl Bed 2 species 
of Brachiopoda, 156 species of Lamellibrancbiata, 127 species of Gas- 
teropoda, and 19 species of Cephalopoda. In addition to these four 
classes, remains of Foraminifera, Echimodermata, Bryozoa, Crnstacea, 
and Yertebrata have also been obtained. 

The following list is complete for the classes ^ven : 

EOHINODBBMATA. 

Oaiopygw pusHlui Cltak. Casddtiitu florealit Morton, , 

BBAOHIOPODA. 

Terebrafula Harlani Morton. TeretmitKla plicata Say. 

" Vanuxemi Lyell and 

Eorbee. 
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LAU&LLIBBANOHIATA. 



Oitrea daUieali/era Coorad. 
" erenulimaiyincUa Qabb. 
" larva Lamarck. 
" piumoia Horton. 
" gubipahda Lyell and Forbes. 
" lecHeosta Oabb. 
Qryphaa conveza UortOD. 
" mulabUii HortoD. 
" vaieularit Lamarck. 
" var. Tiavia Boemer. 
Exogyra cottaia Say. 
Aitomia argmUaria Morton. 
" UUinoidet Morton. 
DipUnclnxa cretacea Conrad. 
Paranomia Uneaia Conrad. 
" icabra Morton. 
Pe^*n pkaweoiUUut Whitfield. 
" quinquenariat Conrad. 
" tenwtntu* Gabb. 
" wniMftu Morton. 
" {CMamyi] craticuhia Morton. 
" {Syncychnema) perlamellostu 
Whitfield. 
AmvsiuTn gimpUeum Conrad. 
" Conradi Whitfield. 
Cumpto7iecle$ [AmusiU/m) bvrlingto' 
n*TWM Gabb. 
" pannii Whitfield. 

Neilhea quinqtiecotlala Sowerby. 
Hpondyku gregaUa Morton. 
Dianchora echinala Morton. 
I^iealula ■urlicoia Morton. 
Eadula amUiUneala Conrad. 
" pelagica Morton. 
" reeluMkUa Lyell and Forbes. 
MytUtu obUnm Whitfield. 
Modiola btirUngtaiwnsU Whitfield. 

" JiiSa Lea. 
LUhodomvt qffinit Gabb. 

" ripleyana Gabb. 
Plena lortpe* Morton. 
" nameula Whitfield. 
" peiroaa Conrad. 
Mdeagrindla abrupla Conrad. 



QerviUiopMs ensi/ormis Conrad. 
minima Whitfield. 
/noceramiM Barabini Morton. 
" perovaUt Conrad. 
" j>ro-obliqua Whitfield. 

" quadrans Whitfield. 

" Sagentis Owen. 

" Sagenm, var. qvadram 

Whitfield. 
Pinna laqueala Conrad. 
Area aUirostris Gabb. 
Neimoarca cretacea Conrad. 
Nemodon angtilatv,m Gabb. 
" brevi/roru Conrad. 
" Ev/auleniit Gabb. 
BrevioToa Saffordi Gabb. 
Trigonaroa cuneiformis Conrad. 

" transveria Gabb. 

Oibola m^vMiradicUa Gabb. 
" obe»a Whitfield. 
" roiUBaia Morton. 
" uniopns Conrad. 
Id(mearoa anlrosa Morton. 
" iippana Conrad. 
" vi^arii Morton. 
AxiTiea aUa Whitfield. 

" Merloni Conrad. 
Nucula mcnmouthensii Whiitield. 
" perortusa Conrad. 
" perequaii» Conrad. 
" Slackiana Gabb. 
Naeultma oompretaifrons Conrad. 
" Gabbcma Whitfield. 
" Umgifront Conrad. 
" ptrniifomm Gabb. 
" prolexta Gabb. 
Peritionota protexta Conrad. 
NueiJaria papyria Conrad. 
Trigonia eerviea Whitfield. 
" evJauU^tm Gabb. 
" M&rtoni Whitfield. 
OrastaitUa euneata Gabb. 

" monmouihetuia Qabb. 

" prora Conrad. 
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Oratsaiella svhkma Conrad. 
" Imnversa Gabb. 

" vadoia Morton, 

Scambula paylana Conrad. 
Qouldia Conradi Whitfield. 
dtcemnaria Conrad. 
" dedivis Conrad. 
" paralia Conrad. 
Vetocardia crenviiTata Lea. 
" ocloUraia Gabb. 
Lucina cretaeea Coorad. 

" Smockana Whitfield. 
Duxnu daetyloides Whitfield. 
Oardiwrn eu/aulenm Conrad. 
" ripleyanum Conrad. 
" ripl&/m»e Conrad. 
" {Oriocardium] dumoswn 

Conrad. 
" (Oriocardium) vitilHradia- 
tum Gabb. 
Pm^Aycardvum burlinfftoneme Whit- 
field. 
Protooardium peretotiffoium Whit- 
field. 
Fulvia tenuii Whitfield. 
Fragum lenuigtriatum, Whitfield. 
Lehpiitha elegantula Roemer. 
" tiyWa Whitfield. 
" protexta Conrad. 
CymeJla MteH Whitfield. 
Veniella Chnradi Morton. 
" deedta Morton. 
'■ eleimia Conrad. 
" inflala Conrad. 
" iubovalit Conrad. 
" iropezOMfca Conrad. 
" Irigona Gabb. 
SphterioUi itmbonata Whitfield. 
CaUiila delauiaretms Gabb. 



Aphrodin 
CypTvmer^ 



(tppona Conrad. 
1 excavaia Morton. 
detuaia Conrad. 
depreiM Conrad. 
HeOprini Whitfield. 
tpieta Conrad. 
Ditwnia erecta Whitfield. 
" Gabbi Whitfield. 
Tmea pinguu Conrad. 
TelUman eborea Oonrad. 
lAnearia ooiUracta Whitfield. 
" vietailriala Gmirad. 
Aeora eretacea Conrad. 
Aejuma m/aulemi» Conrad. 

'' papyria Conrad. 
Qnimya tenuis Whitfield. 
Donax Fordi Lea. 
Vekda tintea Conrad. 

" teUinoidet Whitfield. 
" trantva-M Whitfield. 
Pholadomya ooadeniaUt Morton. 
" Roemm Whitfield. 

Periphmya elUptica Coorad. 
Cereomya peculiar^ Conrad. 
Oarbula cmswp&>o Gabb. 
" FovHei Lea. 
" subeompreega Gabb. 
Ptmopxa decita C<jnrad. 
Solyma Hneolata Conrad. 
Leptosolen biplioala Conrad. 
Legumen opprewum Conrad. 
" planidcUwn Conrad. 
SiHqtia arelacea G^b. 
Phola» eUkara Morton. 
" kUa Whitfield. 
Martisia (Pkolwi) arelacea Gabb. 
Teredo wregtilarit Qabb. 
ClavageBa arinata Morton. 



QASTEIBOPODA. 



Tudida planima^nala Whitfield, 
Pyropna corrina Whitfield. 
" elevala Gabb. 

" ntUicoideg Whitfield. 
" obe»a Whitfield. 
" oOoHrata Conrad. 



Pyropm perlata Conrad. 

Reileyi Whitfield. 
" retifer Gabb. 
" Ridhardsoni Tuomey, 
" t^temMraia Gabb. 
" trochi/ormis Tuomey. 



id by Google 



THE STATE GEOLOGIST. 



Periaciax dabia Gabb. 
Pyrifumu erratiaas Whitfield, 
" euneui Whitfield. 

Mae/arlamU Whitfield. 
Meeki Whitfield. 
" mulHctenmt Gabb. 
" pyrvhide* Gabb. 
" tvrritw Whitfield. 
Septwadla muUictermt Whitfield. 
THton [Bptdromut) prxcedeai Whit- 
field. 
TradnjfirUon. atlanticum Whitfield. 
" holmdtlente Whitfield. 

" mutttfartcosum. Whit- 

field. 
Fumu holmdelermt Whitfield. 
Serri/usutf arcuwickenait Whitfield. 
" (Limfutut) nodoearina- 
(u* Whitfield. 
Odtmlo/ulut SlaeM Gabb. 

" mediant Whitfield. 

" rosteUaroidet Whitfield. 

" h^ncalit Whitfield. 

Vohitomorpka Omradi Gabb. 
" Oabbi Whitfield. 

" pond^oia Whitfield, 

" {PiettoehUiu) beUa 

Gabb. 
" Kanei Gabb. 

" mtutronaia Qabb. 

ErijHuAya f paludina/ormu Whit- 
field. 
Eulhria f fragUU Whitfield. 
Iriionidea obeta Whitfield. 
TurbineHa t pana Gabb. 
" tubcofUca Gabb. 

veHieaiis Whitfield. 
Fofum conoidet Whitfield, 
Vohta t ddaumrenrii Gabb. 
Votvioderma bipUcaia Qabb. 

ovaia Whitfield. 
RosteaUet artgviaiu* Whitfield. 
" namtui Gabb. 
" texturaiiu Whitfield. 
Timimda kda Whitfield. 
iWfayi Whitfield. 
" tealariformit Whitfield. 



Oancellaria {Merica) tuboiia Conrad. 
Morea naticella Gabb. 
TarbiTiopgk angulaia Whitfield. 
" tnaia Whitfield. 
" devata Whitfield, 

" HUgardi Ck>nrad, 

" major Whitfield. 

" plieala Whitfield. 
SuTCiUa tfrigosa Gabb. 
(Xthara eromwtckemis Whitfield, 

" mtdliexiuit Whitfield. 
SogleOana ourta Whitfield. 

Jusiformit Whitfield. 
Hebe Whitfield. 
" gpiroio Whitfield. 

Alaria rottrata Gabb. 
AruAvra dbntpla Morton. 

" var. aeuUapira Whitfield. 
" arenaria Morton. 
" pagoda/ormis Whitfield. 
" pannaia Morton. 
" goHlaria Whitfield. 
" (DrtpaTwckeihis) eomprena 
Whitfield. 
OypTxa (Aricia) Mortoni Gabb. 
DoUum {Dotiopsit f) muAttirohtm 

Whitfield. 
Ficu* prfeeedens Whitfield. 
NoHca abyssina Morton. 
Lunaiia Saili Gabb, 
Qyrodet Abbottii GFabb. 
" oftuptra GaWb. 
" erenaia Conrad. 
" in/racarinata Gabb. 
" obtmivoha Gabb. 
" pdroeui Morton. 
Amattropm* Meekana Whitfield, 

" pwndaia Gabb. 

Margarita dbyaiina Gabb. 
Margaritella Abbottii Gabb. 
Xenophora Itprota Morton. 
EndopUgma vmbUicoia Tuomey. 
Sealaria Heraulet Whitfield. 
" f powpenUa Whitfield. 
" SiUimani Morton, 
" (Opalia) TA«mamGabb. 
Turritella compacta Whitfield. 
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TuniUBa enorinoidet Morton. 

f granulioosta Gabb. 

Sardinumentis Gabb. 

Lippitu!olti Whitfield. 

vertebroides Morton. 
Laxitpira lumbriealii Gabb. 
Siiiquaria paupenUa Whitfield. 
Diploconaka f creiacea Conrad. 
ObeU»eu» coneUttt Whitfield. 
Modviui lapidosa Whitfield. 
Margarita abysaina Gabb. 
MixrgarUeUa AbbolH Gabb. 
Heleion f teniorum Morton. 
AcUeon crelaoea Gabb. 

" IM>mana Whitfield. 



Aetmon Oabbana Whitfield, 
" nibovoidei Whitfield. 
Globieoncha curta Gabb. 
Ciimlia (OUgoptycha) nalicmdet 
Gray. 
" " ovoidea 

Gabb. 
AveUtma biiUata Morton. 
C^lidma recta Gabb. 
BiiHa McrUmi Lyell and Forbes. 
DentaliuTix Ripleya-nMm Gabb, 

" tuhareiuUKm Conrad. 
FaJevla faicatum Conrad. 
Diptoooneha f (Serpida f) erdaeea 
Conrad, 



OBPEAIiOPODA. 



Nautilus Dekayi Morton. 
Anvmonitei complexua Meelc, 

delatearmma Morton. 
deTUato-carinatm Soe- 

mer. 
Vanvaxm Morton. 
(PlaceJiticerag) placenta 

Do Kay. 
(Plaeenticerta) tili/er 
Morton. 
Soaphites hippoorepia Be Eay. 
" irie Conrad. 



SeaphUes nodoms Owen. 

" reitiformig Morton. 

" limiHi Whitfield, 
TarrUitet pauper Whitfield. 
Seterocenu Oonradi Morton, 
Ptychocerai (SoUnocerca) annvU 

Morton, 
Baoulittt atper Morton. 

" convprewua Morton. 

" ovaiw Morton. 
BeUmnUelia amerioana Morton. 



The Lower Marl Bed has been a aonrce of great ecoDomio wealth 
to the State, aioce the greensands have long been dog as fertilizers. 
Their use began in the last century, the marl being first employed aa 
a fertilizer near Marlboro io 1768, althoagh it did not become general 
until about 1820. The greensand marl is not as extensively employed 
as formerly, on aooount of cheaper fertilizers ; still the great fertility 
of much of the land of this portion of the State is to be traced 
directly to its ose. Particularly rich are those lands found along the 
snr&ce outcrop of the formation ; here the soils are oftentimes almost 
exclusively composed of greensand. 

Many analyses of the marl have been made, and although they 
show some Tariationa in the percentage of the different substanoefl 
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present, the fbllowing analysiB is givm aa typical for the formatioD, 
The pliosphorio acid, apon the presence of which depends to a large 
degree the value of tlw marl as a fertilizer, ^ries &om a mere trace 
to somewhat more than two per cent. The proportion of carbonate 
of lime also Tuies greatly, depending opon the foesiliferons character 
of the deposit : 



AIIALY8la OF lUBL FBOM MABLBOBO, 


MOMMODTH COUHTY. 

lU 




081 


Silicic ftoid and sand 

Potaah „. 

Magnesia: „ 


38.70 

...._ 4.47 

1.21 






Water 


n.22 



Medianiosl analyses which have been made of the marl show vary- 
ing proportions of glauconite grains. In a sample from Marlboro the 
marl was foond to be oomposed of 58.4 per oent of glaaconite grains, 
40.2 per cent, of foreign mineral particles, 0.7 per oent. of iron crusts, 
and 0.7 per cent, of shell fragments. Another sample, from Manalapan, 
showed 76 per cent of glauconite grains, and 26 per cent of fordgn 
mineral particles. 

BSD SAJID FOBHA.TION. 

The strata overlying the Lower Marl Bed, on account of their wide- 
spread red color, were called the Red Sand by Prof. CJook. This 
formation is conformable to the Lower Marl Bed, and oondsts of sands 
and days of various colors with red predominating. The red sand, 
although not a pure greensand like much of the preceding formation, 
has grains of glauconite widely scattered through the deposit. This 
glanconitic material, however, has been generally oxidized, so that its 
or^nal green color has been lost Upon examination it is evident 
that the pronounced red color of the formation is lately to be 
accounted for by the oxidation of these greensand grains. 

The more highly qnartzoee character of the B«d Sand formation, 
aa compared with the Lower Marl Bed, points to a greater influx of 
, knd-deiived materials. As the greensand deposits are not formed 
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necessarily at great depths, a change in the current or in the drainage 
of the land might increase or diminish the amount of deposition with- 
OQt a corresponding change in the depth of the waters. 

The Ked Sand formatioD maintains a thickness of about 100 feet 
across the area represented upon the map. The lower ten or fifteen 
ieet are often composed of a black sand or sandy clay, although this 
may be at^times red in'color as the iron becomes oxidized. The cen- 



DeepcutsoutliarKeyport, shoniug Indurated liger of Red Band Ibrmatlon OTerlald b; Middle 
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tral portion of the formation is highly quartzose, 7ery loose in texture, 
and with grains of glauoonite, in a partially or entirely altered state, 
scattered through it in variable amounts. At the top of tlie formation 
is an indurated clayey layer that generally has a distinctly greenish 
oolor, although at times changed to red. This hardened stratum has 
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had an imporbmt inflnenoe in the development of the topc^fraphr of 
the re^OD, and the high ridge of the Highland range is to a oonaider- 
able extent due to ila preseoce. Many of the isolated hills to the 
south and east of the range are capped hy the oouBolidated layers of 
this deposit. 

The Bed Sand formation forms mnob of the Highland range and 
the region to the Boath of the same, extending to and beyond Swim- 
ming river and forming most of Bnmson Neok. Its snrfaoe ezposare 
is very great in eastern Monmouth ooonty but gradually narrows 
towards the southwest. In the r^ion about Barrentown the Ked 
Sand is highly qnartzoee and nnoonsolidated, a character exhibited 
widely <m the north bank of Swimming river. 

The foasils of the Bed Sand formation are in the main the aame as 
in the Lower Marl Bed. The oonditionB were not as favorable for 
their preservation, however, as in the latter formation, so that there is 
a mnch smaller nnmber of both species and individuals represented, 
white those that are found are in a very imperfect state. The lai^^ 
and more solid forms, sach as Ecogyra eoatata and Oryphcea veaieularia, 
are most frequently encountered. No extensive coUeodouB, however, 
have as yet been made from the Bed Sand, so that its fauna is not well 
known. Many have already been collected by the writer from the 
hardened clayey layers at the top of the formation, and a further study 
of theee and additional forms will doubtlees add to onr knowledge of 
the life of the Bed Sand period. 

The deposits of the Bed Sand formation are not aaed extennvely 
for economic purposes, although the greenish hardraed layers of the 
upper portions of the bed have been occasionally employed as fertilizers 
in eastern Monmouth county. Farther to the soutliwest, beyond the 
limits of the map, the Red Band is more highly glanconitic and has 
been more generally dug for marl. 



HIDD&E MABIi BED. 

The Middle MarljBed, the second of the three marked greensand 
horizona ren^nized by Prof, Cook, is found directly overlying the 
Bed Sand formation. It b chiefly exposed to the southeast of' the 
latter, where it covers a tract of ooontry several miles in width. 
Within the Bed Sand belt it is frequently found as isolated patches, 
capping the highest points and stretching to the Highland rang& 
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The Middle Marl Bed is largely a greenaand tbronghont, slthough 
mncb more highly glanconitio in the lower than the upper half of the 
formation. The lower half, which we may refer to aa the distinctly 
greensand member, is generally alliaceous in its lower portions, 
and, towards the southwest, chocolate colored. The latter is frequently 
referred to as Chocolate Marl. In its upper portions it becomes oalca- 



p1 Bed capping the si 



reons from the great number of fossil shells found imbedded in the 
strata. The upper half of the Middle Marl Bed conttuns much lees 
glauconite and is highly calcareous, frequently containing as much aa 
80 per cent of carbonate of lime. It is known as the Yellow Lime- 
stone. In Monmonth county the yellow limestone is softer and 
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mrae gknooniUc than in the refj^on to the southwest, so tbst its sep- 
aration from the lower horizon is not always readily made. In the 
central district, hardened layers of limeetoue ooonr, which have been 
in some looalities bnrned for lime, or nsed directly for building 
purposes. 

The thiokn«B8 of the Middle Marl Bed has been estimated at forl^- 
five feet, and is about eqoaUy divided between the greensand and 
limestone horizons. 

The Middle Marl Bed rests upon the Bed Sand formation with a 
sharp line of contact, which may be readily determined except along 
the thinned-out western edge of the formation, where extensive oxida- 
tion makes their separation often difSonlt. Upon examination of the 
materials, a much smaller proportion of weathered or partially weath- 
ered grains of glauconite is found in the Middle Marl Bed than in 
the Red Sand formation. 

The most extensive development of the Middle Marl Bed within 
the aiea of the map is to be found to the south of Yellow brook. In 
the region just south of Colt's Neck several pits have been opened in 
the greensand horizon. Numerous detached areas of the greensand 
division are found to the north of the main outcrop of the formation. 
In general, these patches of greensand are small in extent and of 
little thickness. They are found at several points on Rumson Neck 
and to the north of Yellow brook at Phalanx and Barrentown. Still 
further to the north they cap the range of the Highlands at numerous 
points throughout most of its length. The greensand is in all cases 
more or less oxidized, but may be readily recognized. 

The fossils of the Middle Marl Bed are very numerous at certain 
horizons, but much fewer species have been recc^nized than in the 
Lower Marl Bed. The greensand member is not highly foasiliferous 
except in the upper six feet, although casts of shells and bones of 
vertebrates are not uncommon throughout the lower portion of the 
horizon. The upper six feet, however, are often packed with fossils, 
the lower four feet consisting almost exclusively of Oryphaea veaiou- 
laria, the upper two feet of Terdtratula Harlani. These foesiliferous 
layers are remarkably persistent, and are found at many points across 
the State. 

The yellow limestone member is characterized by the presence of 
Bryozoa, Echinodermata, Foraminifera, and Mollnsca, the latter, how- 
ever, holding an unimportaDt position as compared with the other 
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groape. The following list of fossils described from the Middle Marl 
Bed is complete for the classes given : 



B HINODERM ATA. 



Pentaerinut Bryant Gabb. 
Ooniaater maTnmillata Qabb. 
Oidaris ^leaden» Morton. 

" WaieotU Clark. 
Saienia tumidvla Ctark. 

" bdhila Clark. 
Psetidodiadema dialretum Morton. 
Ooptoioma apeaiosu/m, Clark. 
PM/mmeckinut eingvkitiu Clark. 



Tremaiopygv* orunfer Morton, 
Chiopygus ovi/ormia Conrad, 
Anandiytei ovalii Clark. 
Cardiaster cim^us Morton. 
HertUatter paraatatu* Morton. 

" aielia Morton. 

" ungula Morton. 
Linthia twnidvia Clark. 



BBAGHIOPODA. 

TerdiTatula Harlani Morton. 



LAHBLLIBBANOHIATA. 



Qryphtea Bryani, var. 
Whitfield. 

" veiicidarit Lamarck. 

" var. navia Roemer. 
Oryphfeoshrea vomer Morton. 
Modiola (Lilhodomut) infiaia Whit- 



Modiola ovaia Qabb. 
Pinna rogtri/ormii Morton. 
Idonearoa compretiiroitra Whitfield. 

" medicmi Whitfield. 
Itocardia Conradi Gabb. 
Teredo tibialil Morton. 
Ooitrochmna Americana Gabb. 



QASTBBOPODA. 



PyropM trivolm* Gabb. 
Vohitod^rma AbboUi Oabb. 
Ifaiiea abytsina Morton. 
Lunaiia Halli Gabb. 



Qtvoscaia artnulaia Morton. 
PleuTotomaria tritonenm Whitfield. 
Pleurolrema lolariformiit Whitfield. 



OBPHALOPODA. 



SaviUiu Bryant Gabb. 

'' Dekayi Morton. 
Sereoglaua pauci/ex Cope. 



Ammonite! {8p?ienodiicua] 

ris Owen. 
BacuHte* ovaint Morton. 



The Middle Marl Bed has been widely used aa a fertilizer, some of 
the richest pits in the State being opened in its strata. The following 
analysis of marl from Blue Ball, Moaroonth conoty, a few miles 
to the soath of Freehold, is typical of it: 
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Fhoephoric acid 1-04 

Sulphuric acid 1.44 

Silicic acid and sand 54.11 

Potash 6.98 

Lime 0.48 

Magoeeia 8.79 

Oxide of iron and alumina. 23.89 

Water 8.11 

99.34 
Meohsnical analyses which have been made of th« marl Bhow a large 
perceDtage of glanconite gnuns. A sample from Tinton Falls gave 
82 per cent, of glanoonite grains and 18 per oent. of foreign mineral 
particles. Another sample, from Bine Ball, gave 84.2 per cent, of 
glanconite grains and 15.8 per cent, of foreign mineral particles. 

The hardened limestone layers, as previonsly motioned, are bnmed 
for lime at certain points, as well as employed for rough building 
purposes. 

DFPEB HABL BED. 

Under this division I have included not only the deposits so named 
by Prof. Cook, but likewise the Yellow Sand of that author, since 
upon stratigraphic groanda there is no good reason for its separatimi 
from the overlying strata. The Yellow Sand, wherever examined, ie 
a distinct greensand, although less highly glanconitio than the green- 
sand layers that overlie it. It has no distinctive fossils ; in fiust, none 
have hitherto been reported from it 

The Ash Marl of Prof. Cook, considered as the middle member of 
the Upper Marl Bed, is simply a highly-ai^laceous greensand, and 
has been observed by the writer nnderlying as well as overlying the 
Greensand bed. The upper portion of the Upper Marl Bed, which 
was called Blue Marl by Prof. Cook, has been considered to be of 
Eocene age, although conformable to the underlying strata of the 
Upper Marl Bed. It seems desirable on account of the marked dif- 
ferenoe in its fauna, to separate this portion of the Upper Marl Bed 
from the underlying strata, and accordingly the following division is 
made into Manaaquan Marl and Shark river Marl ; 

Manaaquan Marl. 

Under the name of Manasquan Marl is inclnded the yellow sand, 

blether with the greensand and ash marl of the Upper Marl Bed of 

Prof. Cook. The name is taken from the Manasquan river, where 
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an excelleot section of the strata is found. The yellow sand, as stated 
above, contains no distinctive features of safficient importance to war- 
rant its separation from the Upper Marl Bed. It has been so 
regarded both in the preparation of the text and map. 



TiK. 7. 
BecUon of Farmlagdale marl plla, sbowins Upper Uarl Bed orerbdd by Miocene. 

The Manasquan Marl is fonnd to the southeast of the Middle Marl 
Bed, upon which it rests conformably. It is a greensand, highly 
quartzoee in the lower part, and at times argillaceons in the upper 
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layers. The lower qnartzoee member is aboat forty feet in thioknesa, 
and the upper more glaaconitic member about tweoty^fiye feet, eo that 
the entire thickDess of the Manasqnan Marl is approximately aizty- 
five feet. At the base of the upper member there is frequently a 
layer of fine clay, which has been described nuder the name of 
" fuller's earth." 

The Mauaequan Marl covers only a small area in the southwestem 
portion of the region represented upon tbe map. The greater portion 
of the tract is buried beneatli later deposits, so that it outcrops at 
only a few points. 

To the south of the area represented upon the map, at Shark river 
and Farmingdale, the best outerope of this horizon are found, and 
especially at Farmingdale extensive pits have been opened. Views 
of the same are shown in Figures 7 and 8. 

The fossils are confined exclusively to the greensand members, as 
none are known from the sandy strata of the lower horizon. The fol- 
lowing list is complete for the classes given: 

BBAOHIOPODA. 

TerebrattiUna atlantioa Uoiton. 

LAUBLUBRAHOHIATA. 

Ottrea glandiformis WhU&eld. Cardium {Qriocardium) nwcfco/ua 
Gryphxa Bryani Gabb, Whitfield. 

Modiola Johnsoni Whitfield. Veniella rkombaidea Conrad. 

Area quindecimradiala Gabb. CaryaHtf vela Whitfield. 

Cardita mlermediana Whitfield. Pelricola nova-mgyptioa Whiifield. 

Crassatella cuHa Conrad. Veteda natula Whitfield. 

" deiawaremia Gabb. Periplomya IrunaaUf WhitfieliJ. 

" lUloralu Conrad. Ptmoptea ell^lwa Whitfield. 

" rhomhea Whitfield. 

aABTBBOPODA. 
CariceUa pUcaia Whitfield. Roadlaria nobilia Whitfield. 

Yohdoderma intermtdia Whitfield. TarrUeUa pumUa Gabb. 
EoeMUlet bioonicua Whitfield, Pleurotomwria Briltoni Whitfield, 

Pteuiroloma farmyngdalemii Whit- BvMa coniea Whitfield, 
field. 

The Maoasquan marl has been extensively dug as a fertilizer, and 
on account of the high percentage of soluble phosphates contained in 
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it has been considered of exceptional valae. The following anal^siB 
is that of a typical marl irom Farmii^dale : 

Phosphoric acid '. 8.87 

Sulphuric acid 0^1 

Silicic acid and Band. „ 54.76 

Potash 4.11 

Lime 5.46 

Magnegia 2.99 

Oxide of iron and alumina 21.66 

Water 6.85 

100.00 
Shark Bivo" Marl. 

Under the name of Shark River Marl ia included the so-oalled 
" Blue Marl " of Prof, Cook, which is found at the top of the Upper 
Marl Bed, and typically developed in the valley of Shark river. It 
is conformable to the anderlying Manasqaan marl wher«ver examined, 
while the highly glanconitio character of the depoeite shows the simi- 
larity of the conditions that prevailed throughout the accumulations 
of the strata of the Upper Marl Bed, 

The Shark River Marl is a marked greensand, with a slight admix- 
ture of aigillaceoua materials, while a hardened stony layer is com- 
monly found directly at the top. The entire thickness of the Shark 
river marl is estimated at abont twelve feet in the area of its typical 
development. It occurs at a few points in the extreme southeastern 
corner of the area represented upon the map, bat it is largely bnried 
beneath Pleistocene deposits. 

The Shark river marl has the very greatest interest, since its fossils 
are considered to be of Eocene age, although its strata are conformable 
and very intimately connected lithologically with the underlying 
Cretaceous deposits. 

Conrad, first in 1848 * and ^in more fully in 1865,t maintained 
the Slocene age of tlie Shark river marl, while Pro£ Cook^ in 1883, 
stated that the deposits were unconformable with the nnderlyiug strata. 
More recently Whitfield has claimed the identity of several of the spe- 
cies with Eocene forms from the Sooth Atlantic and Gulf States, bat 
since all the spetnmens are casts, some of them poorly preserved, there 

*Phila. Actid. Nat. Sci. Jour., new ler., Vol. 1, 1S4S, p, 129. 
t Philft. Acad. Nat. Sci. Proc, Vol. 17, 1866, pp. 7 1, 72. 
X Oeol. Surv. Nev Jereej', Ann. Bep., 1883, pp. 13-19. 
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18 some doubt opon the sabject. So far as the generic relatione of the 
moUaBcan t^pes are concerned, some have a more Eocene than Crelft- 
taoeons aspect, yet manj conld as welt be referred to the one as the 
other. There are, it is true, on the other hand, no diatinctty Crefa- 
oeoufi types, while the genua Aturia is not known earlier than the 
Eocene. It is, however, impossible to correlate the Shark river marl 
with any other known Eocene strata, and the writer, in his Correlation 
Essay upon the Eocene of the United States, treated k as an independent, 
province. It is readily conceivable that deposition did go on, in modei> 
ately-deep waters, ench as prerailed at the time, tininterrnptedly irom 
the CrtfaceoQS to the Eocene, although elsewhere npon the Atlantic 
coast, under shallower water conditions, a marked break and change in 
the character of the deposits occurred. 

The invertebrate fossils described from the Shark River Marl are : 



LAMBLLIBRANOHIATA. 



Otirea glaueonoidet WbitGeM. 

" (AlectTionia)Hngiiaf elk Wh\t- 
field. 

" pfmda Uorton. 
Gryphtia veiieularii Lamarck. 
Pecten KneUkerni Conrad. 

" Bigbyi Whitfield. 
Avicula annota Conrad. 
Ifiusula ciree WbitGeld. 
Nueulana albaria Coorad. 
Nvicularia sectrnda Whitfield. 
Axinea Omradi Whitfield. 
Astarte cagtanella Whitfield. 



Antarte pltmimarginata Whltfielt). 
Ckirdifa pt^antiqua Conrad. 
" Brt(/Dnt Whilfield. 
OrataaieUa aUa Conrad. 

" obHiptata Wtaitfield<. 

Proloeardium cuWum Conrad, 
GiJyatit ovalit Whitfield. 
Veleda gquUaiera Whitfield, 
Gorbula (if«asra) nasvioidet Whit- 
field. 
Semra mquivalvU Whitfield. 
Pamphota* Kneitkemi Whitfield. 
Teredo emacerala Whitfield. 



QASTBROPODA. 
; (Pleuronoftu f) levavaricota fWu» (Neplunea f) eoeenicus Whit- 



Whitfield. 
Shinocanlha T Conradi Whitfield. 
ZWttm eoeenenxe Whitfield. 
FaeadoUva vetutia f Conrad. 
I^mu angvJaria Whitfield. 

" paneicottatM Whitfield. 

" perofiMu* Whitfield. 

" plitTUioaaiut Whitfield. 



field. 

" (JTepiMnea) hector WhitfieW. 
" " var. muUiUneaiiLS 

Whitfield. 
" {Neptunea] »taminea Conia^). 
" ( VTotoipinx) rmillicoHattia 
Whitfield. 
ClaveUa rag]taiwide» Coniad. 
11 
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Fasciolaria herci^B Whitfield. SurcuiiUt avenotiu Conrad. 

" cadavtroms Whitfield. 
" curtiM Whitfield. 

Caricella pOTiderosa Whitfield. Conui gviiawidem Whitfield. 

" pymioidet Conrad. (htyptraphorus velatns Conrad. 

Yobaa leUa Whitfield. Oyprtea »abulomridti Whitfield. 

" parmila Whitfield. Coisidaria cannata Iiamarck. 

" perelevala Whitfield, Ftctu penitui Conrad. 

" gcaphoidei Whitfield. Natica glohvkUa, Whitfield. 

" (ScaphtUa) Sewcombiana Xenophora lapi/erent Whitfield. 

Whitfield. ArckiUctonica annota Conrad, 

" {Amoria) vetta Whitfield. Sealaria Unuilirala Whitfield. 

VohiliEthet caneeliala Whitfield. Mesalia tlongaia Whitfield. 

" Sayaiia Conra4. Leptomaria giganiea Whitfield. 

CanceUaria rvdU Whitfield. " per^jronutosa Whitfield. 

PfeunrfomaHiTCufflifurmig Whitfield. " perkiia CoamA. 

" r^uUaieoslaia Whitfield. Tremaiofusut venuaus Whitfield. 

" (Swettla) tdtupira Whit- Actaoji priaea Conrad, 

field. Tomaielbsa lata Conrad, 

Sareitia perobeta Whitfield. 7\}matitia WethereMi Lea. 



OBPHALOPODA. 

NaviUUa Cookana Whitfield. Atu/ria Vanvxeaa, Conrad. 

A considerable nnmber of vertebrate foBeUfl have likewise been re- 
ported from the Shark River Marl, but in legaid to many of them 
there is reason to believe that they were either oollected from the ovetf 
lying Miocene oi nnderlying Cretaceona. There isaccordinglymuch 
onoertainty as to the vertebrate evidenoe. One genos, Anohippodua, 
if oorreotly reported, is not known from other than Eocene deposits. 



To the aontheast of the greensand belt, and overlying the Upper 
Marl Bed nnconformably, are deposits of sand and clay that belong to 
the Miocene. A delimitation of their areal distribation has been little 
attempted in the past, and, in fact, there are many obstacles to pro- 
gress in this regard, on accoont of the almost complete absence of 
fossils, and the thick coating of Pleistocene materials which oovera 
macb of the area. The Miocene deposits are to a large extent 
composed of coarse sediments, which are ill-adapted for the preser- 
vation of fossils. They were largely formed in shallow waters. 
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-where depoeition was rapid and meohanioal distatbaDoes active. In 
this respect th^ differ in a marked degree from depoeite of like age 
farther to the south in Maryland and Yii^inia. Chiefly from a Btudy 
-of the deposits in the southern part of the State, Prof. W. H. Dall 
•compares the character of the sedimentation to that occarring off Cape 
Hatteras at the present time, and further states that the genera obtained 
from the latter locality are in the main identical with those from the 
New Jersey strata. 

Few localities have, up to the present time, been foand where foa- 
^1b of undoubted Miocene age have been discovered. Many and 
well-preserved specimens have long been collected from the vicinity of 
Shiloh and Jericho, in aonthern New Jersey, but little attempt has 
been made to correlate the deposits of that area with the more sonthem 
^representatives of the Miocene. 

Prof. Cook, in his Geology of New Jersey (1868), refers to the 
Miocene, a dark micaceons chty, recc^ized at several points along the 
«astero border of the greensand belt. The extent of the strata and 
the depodts which characterize them are, however, very indefinitely 
fitated. 

The opening of a well to the depth of 1,150 feet at Atlantic City, 
in 1886-87, showed the existence of several hundred feet of Miocene 
strata, and at the same time indicated the wide distribution of the 
-d^HKits of that age throughout the eastern portion of the State. 

A section of the well-boring was prepared by Mr. Ijewis Wool- 
man,* and is presented below. The portion below 400 feet is referred 
t^ him to the Miocene : 

BECTION OF WELL AT ATLANTIC CriY. 

Superficial Bands, gravels aod clays ; 

wood found at the base 285 feet. 

Black clays and eanda 181 " 416 feet. 

BluiBb clay.-. 19 " 435 " 

Greenish clays and marls with much 

comminuted shell ; some shark teeth, 

and many seams of brittle, marly clay 

of gray color 285 " 670 " 

Blackish and brownish sands 21 " 691 " 

Chocolate clay 31 " 722 " 

Fosailirerous clays and sands ; shells and 

sharks' teeth 84 '■ 806 " 

" FhiUdelphia Acad, Nat. Sci. Proc., 1887, pp. 339, 340. 
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Non-foasiliferoua eaads, alternatiDg 

blackish, whitbh, and raddiBh-bronn 

in color 60 feet. 866 feet_ 

Dark marls and clays 73 " 989 " 

Green marls (various shades) and black 

maris 60 " 999 " 

Sands mostly yellowish -green and full of 

barnacles „ 120 " J,119 " 

White sands; water. 2 " 1.121 "■ 

The fossils obtained from the well-boring were examined by PhjC 
Aogelo Heilprin,* who re«^nized over fifty specie«i, many of thent 
characteristic of the Miocene deposits farther south. The depths of 
only three are reoorded, viz., Turritella -phbia from 460 feet, Corbvit^ 
elevaia from 730 feet, and Ptma moMllata from 800 feet 

A second well-boring was made in 1888. In a series of clay beds,, 
extending from 387 ta 638 feet, nomerous diatoms and foraminifera- 
are reported by Mr. Woolman. Abont one hundred species of dia~ 
toms alone are mentioned, most of them hitherto recognized in the 
Maryland and Virginia deposits. At depths of 435 and 1,125 feet,, 
foraminifera were found to be particularly numerous, and, for the- 
most part, closely allied to species described by d'Orbigny from the- 
Miocene of the Vienna basin. 

A somewhat detailed examination of the strata overlying the green- 
sand deposits along their eastern mai^n reveals certain prevailing.' 
types of sedimentation that can be traced for long distances. The- 
micaceouB clay mentioned by Prof. Cook is practically continuous across- 
the State, having been found in natural exposures and by boring at 
frequent intervals. Micaceous and pure quartzose sands likewise ac- 
company the clays, and in several localities, one found to the southeast 
of Centreville, they are interbedded. Extensive deposits of sand' 
characterize the Miocene. Much that has been termed " glass aand "" 
should be referred to this formation. One of the best points to see the 
contact of the Miocene with the Upper Marl Bed is at Farmingdalej 
a few miles to the south of the area mapped. Here the Upper Marl 
Bed is overlaid by one foot of gravel, the larger particles reaching- 
abont one-half inch in diameter and neatly spherical in form. Over- 
lying the gravel are six or eight feet of dark, micaceous clay, astringent 
to the taste. It is here somewhat ligoitic and contains casts of 

•Philadelphia Acad. Kat. Sci. Proc, 1887, pp. 340-342. 
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tnariDe mollnsca, the most commoD form being an nndetermmed spe- 
cies of OrasaateUa. Overlying the dark clay ace five or six feet of 
grayish-colored clays and clayey sands. On the soath bank of the 
Manasqnan river, to the south of Eormingdale, the hilts are lat^y 
formed of the sands and sandy clays. 



Fig. S. 
Parmingila'e Uul Pit, showing Upper U&cl Bed oTecI^d by Miocene 



Within the area represented apon the map the Neocene deposits are 
f jund only io the southern portion. There is an excellent sectioo to 
the southeast of Centreville, above Poplar creek, where the dark clays 
rise nearly to the top of the higher levels. The basal portions of the 
Hominy hills are formed largely of the Neocene quartzose sands, while 
■outliers of the same are foaod farther to the west, in the vicanity of 
Freehold. 
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The Neocene strata of New Jersey have, according to Prof. Heil— 
prin,* afforded the following mollosoan forms. Most of them are de- 
rived from the Shiloh marls : 

BBAOHIOPODA. 
Ditcina higvhrit Conrad. 



LAMBLLIBBANOBIATA. 



Otlrem virginica {0, Matmemw) 
Gmelin. 
" psrcrasta Coorad. 
Pecten Humpkrej/tii Conrad. 
" Maditonius Say. 
" vicenanutf Conrad. 
Anomia ephippium f Lea. 
Plicatvta dentata Conrad. 
Mj/lUui injlatia Tuomef and 
Holmes. 
" irtcraiiatia Conrad. 
Mj/tiheoncha tncurea Conrad, 
Lilhodomua tubalveaiui Conrad. 
* Pema maxiUala Lamarclc. 
Area eentenaria Say, 
" marylandica Conrad, 
" gubrottrala Conrad. 
" idonea T Conrad. 
" Herioaa J Say. 
Pectunetihii lenti/ormia Conrad, 
Nwsuia obliqua Say, 
Yotdia limatida Say, 
Attarte eompionema Conrad. 
" obrula Conrad. 
" perplana f Conrad. 
" Thomatii Conrad, 
" dUtant Conrad, 
Craualella Tnelina Conrad. 
Cardiia granuloia Say, 
Cardiiamera arala Conrad, 



(JardUami^a acukata Conrad. 
LuctTta crenidata Conrad. 

" trUvleata 7 Conrad. 
Myna parUii Conrad. 

Chama congregala Conrad. 
Oardium laqueatum Conrad. 
Oylherea Sayana Conrad, 
Fenua DucaUUii Conrad. 

'' plena Conrad. 

" latUiraia Conrad, 

Xereenaria canceUata Gabb. 
ArtemU acetabulum Conrad. 
Madra ItUeraUt Say. 

" poTiderosa f Conrad, 
Donax vanabUxa Tuomey ai 

Holmes. 
TeUiTM shilohentU. 

" dedivis Say. 

" peracula Conrad. 
TeUineUa capillifera Conrad. 
Amphidama tubrefiexa Conrad. 
TKrada myxformii Conrad. 
Ajujiina aUa Conrad. 
Qtrfiwta tkvaia Conrad. 

" idonea Conrad. 
Saxicava parilii Conrad. 

" ineita. f 
Teredo tp. f 



QASTBROPODA. 

Murex shilohauit Heilprin. Fu^w eealaritpira Conrad. 

Tarbindla Woodi Gabb. Nana trivUtata Say. 

Catiikanu cwmberlandiatm* Gabb. ColuTubeUa commwtii Conrad, 



" Philadelphia Acad. Nat. Sd. Proa, 1SS7, pp. 397-103. 
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Terebra curviiiToia Conrad. TurriUUa mquittruiia Coorad. 
Tri/orig terebrata Heitpriii. " evmberlcatdia CoDrad. 

Canceliaria sp. f " teeta Conrad. 

Marginelia sp. f " plebeia Say. 

Plewotoma psewiebumea Heilprin. Trochila centrali* Coarad. 

NaMca hemicrypta Gabb. Cruabviam ooitaium Say. 

" cotenoidM f Wood. CVtj^iduia/ornvcota Say. 
Turbo eboreus Wagner. " plana t Say. 

CartTiarbii (Delphiniila) globulus H. Fuaurella Qritoo'mi Cktnrad. 
C. Lea. 

In addition to the mollasaaii types, many species of Diatoms, For- 
aminifero, Cmetacea, and Yertebrata have been obtained. 



The Coastal Plain series of New Jersey affords a most diverufied 
sequence of deposits, in which both shallow and deep-water types of 
sedimentation are prominently represented. The most oharaoteristie 
feature is the nnpreoedented derelopment of greennand, which at timeft 
oocora in beds of exceptional parity and many feet in thicknesB, 

The basal division of the coastal deposits is known as the Baritao' 
formation and consists of a series of 347 feet of clays and sands, the 
former predominating io the lower, the Iatt«r in the npper portion of 
the formation. The organic remains found in the strata are lai^y of 
plant origin, the few animal forms consisting chiefly of uollosoan 
types, poorly preserved, and indicating brackish-water conditions. 
The plants afford many forms identical with the Potomac formation 
of more sonthem latitadee, so that tlie identity of the Raritan formai- 
tion with the Potomac is indicated. The Raritan formation is nnoon- 
formahle to the red shales of the Jnra-Trias, opon which it rests along 
its western border, To the east it is conformably overlud by later 
deposits, and since the conditions gradually changed, no sharp line of 
demarcation is found. The Raritan formation affords the valuable 
sands and clays that are worked ho extensively in the vicinily of 
Amboy and Woodbridge, 

Overlying the Raritan formation conformably is the Clay Marl for- 
mation. The lower layers are not readily separated from the depoaito 
of the Raritan formation with which they come in contact. The Cby 
Marl strata wen formed under distinctly marine conditions, as shown 
by the fossils and characteristic deposits. The fossils have only been 
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fonnd hitherto at a few pointe. They are in the main identical with 
the forma from the overlying Lower Marl Bed. Locally, also, the 
oondititms were &vorable for the production of greensand, bat except 
in a few inatanoee the glanconitio layers occur only as thin seams 
irr^alarly interspersed through the strata. The Clay Marl formadoa 
is estimated to reach 270 feet in thiokn^. The clays are extensively 
used for brickmaking. 

The Iiower Marl Bed is one of the most striking horiionB in the 
«o«st«l series. It varies from thirty to fifty feet in thickness and is 
oompoeed largely of greensand, at times, however, mixed with clayey 
and sandy materials. The Lower Marl Bed is the most fossiliferons 
sone in the greensand series. More than 200 forms have been de- 
eoribed. The Lower Marl Bed has been extensively dug as a fertilizer, 
while the soils developed npon its snrfiaoe are among the richest in the 
State. 

The Bed Sand is mnoh more highly qnartzoee than the nnderlyiug 
Lower Marl Bed. Glaticonite is seldom absent, but is nowhere present 
in such large quantities as in the latter formation, Extensive oxida- 
tion has changed the grains of glauoonite for the most pert from a 
f[nen to a red color. The lowv layers are often ohsraoteriaed by a 
dark, aaody sone, while a hardened, clayey band, more or leas green 
in color, caps the formation. The estimated thickness of the Bed 
Sand formation is 100 fert. The fiiarils are not numerous, but so far 
as examiiyd are mainly identical with those of the Lower Marl Bed. 

The Middle Marl Bed overlies the Bed Sand formation conformably. 
It is a pronounced greensand in the lower part, with argillaoeone 
layers frequently developed at the base, while the upper p(»ti(m is 
highly calcareous. Hard bands of limestone are fonnd at the latter 
fawicon in many sections of the State, Directly underlying the lime- 
atone tone are two very persistent and higbly-fosmliferons layers, 
the upper of the two containing Ter^ralMta HarUmi, the lower 
Oryphxa vmmitarit. The thickness of the Middle Marl Bed is 
estimated at forty-five feel. 

The Upper Marl Bed emhraoes, in the present report, in addition 
to the etiata hitherto so called, the "yellow sand "of Prof. Cook. The 
lattK ia 80 intimately associated with the greensand deposits of the 
JJppet Marl Bed as not to warrant its sepuation as an independent 
formatioo. It ia oftoi less glaactMiitic than the " greaisaDd " and 
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*' ash msrl " of the Upper Marl Bed of Prof. Cook with which it is 
DOW osaocdatecl. These three divisions are plaoed together id the 
present report under the name of the Manasqnan Marl, as the lower 
member of the Upper Marl Bed, The Mauasqaan marl is a green- 
«BDd thronghoot, qaartzoee in the lower portions, where it was known 
las the "yellow sand," a^llaoeooe in the upper portions, where it was 
known as the " ash marl," The more glanconitic layers have been 
'highly prized for their rich fertilizing marls, which have been exten- 
sively dag in southern Monmoath oounty. The Manasquan marl 
■ia estimated to attun a thickness of sixty-five feet. The Shark river 
marl, which was described by Prof. Cook under the name of the " bine 
marl," is placed as the apper member of the Upper Marl Bed. It is 
« compact greensand, which in its upper portion is oonBolidat«d into 
£rm, stony layers. It is conformable with the Manasqnan marl 
wherever observed. It is very rich in fossils, which are considered 
'Eocene in age, although there are no forms in common with the Eocene 
■strata of Maryland or Yiiginia, and comparatively few that are held 
io be identical with Eocene spetnes from other localities. As the sped- 
mene are all casts there is some uncertainty as to their proper idendfi- 
-catton. The^bark rivei marl Is about twelve feet in thickness. 

The Miocene is extensively developed in New Jersey. Fossils have 
only been found at a few points, bat sufficient in number to indicate 
« series of deposits several hondred feet in thickness and many square 
tniles in surface exposure. The lack of fossils is doubtless lat^y to 
be accounted for on aeoonnt of the prevalence of ooorse, shallow- 
water deposits, which are ill adapted for the preservation of oiganic 



A review of the stmctural and stratigraphical relations of the de- 
{lOfflts of the coastal series of New Jersey shows complete conformity 
from the bottom of the Karitan formation to the top of the Upper 
Marl Bed, while no wide-reaching dislocations of the strata have been 
observed at any point. The strike follows a nearly oontinuous treud 
of N. 60° E., while the dip is twenty-five to thirty feet in the mile 
■toward the soatheast. Overlying the Upper Marl Bed uncooforma- 
4>ly is the Miocene, which possesses the same general Btruotural and 
«tratigraphical features as the earlier members of the series. 



id by Google 



ANNUAL REPORT OF 



ORIGIN OF GREENSAND. 

INTBODTJCnON. 



The presence of greeneand in the geoli^ical deposits of the globe- 
was early reoognized, and Alexander von Bomboldt, in 1823, men- 
tions its oecmrrenoe in the Carboniferona of Hangar;, the Banter Sand- 
stun (Trias), and Qaader Sondstein (CretaoeouB) of Germany, and 
Caloaire Groeder (Eocene) of France. Its chemical oomposition had' 
been determined prior to this by Berthier,* who made an analyais- 
of the greensand of the Caloaire Grossier in 1821, The analysis. 
of Berthier became generally accepted as typical of greensand and 
was adopted in almost all works on geology and mineralf^. As- 
geolt^cal investigations extended to more distant portions of the globe, 
new deposits were disoovered, and the wide distribution of greensand 
in the^earth's strata became reoc^ized. 

It was not, however, until the microscope b^;an to be ased in geo- 
logical investigations that any progress was made toward explaining 
its origin. Prof. J. W. Bailey, in 1846, annoonoed the discovery o£ 
great nambers of foraminifera in varioos Cretaceoae and- Tertiary 
marls of the United States, and called attention to the oocarrence oP 
casts of the shells in the Eocene at Fort Washington, Maryland. He- 
stated in this paper that he had forwarded the materials which he had- 
collected to Prof. Ehrenhei^, of Germany, for fnller investigation. Id- 
1864 and 1866 Ehrenbei^ presented the resnlts of bis work in a serieB' 
of oommanications f to the Royal Academy of Sciences of Berlin, and 
was the first to show the connection between greensand and the fora- 
minifera. He had somewhat earlier shown that the silica forming the 
shells of the foraminifera in ihe chalk was doe to pseudomorphism of 
an original calcareous aabetance, and Mantell % had also referred to the 
filling of the obambera of the same with calcite, silica, and silicate of 
iron, 

Ehrenbei^, in this early and important series of contributions, states 
that " the formation of the greensand consists in a gradual filling up 
of the interior space of the minute bodies with a green-colored, opal- 

•Anoales dea Mineg, ser. 1, VI., 1S21. 

t Abh&udl. d. k. Akod. d. WugeDBchaften in Berlin, 1355, pp. 85-176. 

tPhil. Trans., 1846, p. 466. 
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like mass, which forms therein as a cast. It is a peculiar species of 
natural injeotioo, and is often so perfect that not only the Urge and 
coarse cells bat also the very Soest canals of the cell walls and all 
their cotiiieoting tabes arethas petrified and separately exhibited. By 
no artificial method can such fine and perfect injections be obtoined."^ 
The author describes the characteristic features of greenaand specimens 
-which be had obtained from nnmeroos localities in Europe and 



Following out the observations of Ehrenberg, Prof. J. W. Bailey * 
made an ext«nsire examination of specimens of Cretaceous and Ter- 
tiary deposits from many portions of America in the hope of finding 
further evidence of the relations existing bdween greensand and the ' 
foraminifera. Among other materials he examined specimens of green- 
sand from MoUica Hill and Mt Holly, in this State, in which were- 
found numerouscasts of foraminifera. The great interest of this paper 
centers, however, in the announcement first made by Prof. Bailey that 
the formation of greensand is likewise taking place on the floor of ex- 
isting Eeas and nnder the same conditions that existed in past geo]<^ical 
ages. He found in these marine deposits the foraminifera and other 
forms reported by Elirenberg from geological strata. These con- 
clusions were baaed on material described by Pourtalesf in 1853 and' 
obtained from soundings made by the United States Coast Survey in 
the exploration of the Gulf Stream, t(^;ether with additional material 
examined by Bailey himself from the same source. The specimen first 
reported by Pourtalee came from a depth of 160 fathoms in latitude 
31° 32' N., longitude 79° 36' W. Concerning it Pourtales says that 
it is " a mixture in about equal proportions of Globigerina and black 
sand, probably greensand, as it makes a green mark when crashed on 
paper." Bailey states further in regard to it that he has " found that 
not only is greensand present at the above locality but at many others,, 
both in the Gulf Stream and Gulf of Mexico, and that this greensand 
is of):en in the form of well-defined casts." He says agun : " The- 
apecies of Polythalamia [Foraminifera] , whose casts are thus preserved,, 
are easily reoc^nizable as identical with those whose perfectly-preserved 
shells form the chief part of the soundings. That these are of recent 
apedes ia proved by the fact that some of them still retain their bril- 
liant red coloring, and that they leave distinct remains of their soft 

*BoBlOD Soc. Nat. HisL Proc, Vol. 5, 1836, pp. 364 36S. 
1U. 8. CoMt Survey Rep., 1853, App., p. 83. 
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parts wbeD treated with dilute acids. It is not to be supposed, there- 
fore, tbat' these casts are of eztinot species washed oot of aDoient snb- 
tnarine deposits. Thej are bow foiming in the mads as they are de- 
posited, and we have thus now going on in the present seas a formalioii 
•of greensand by processes analogous to those which produced depoeits 
•of the same material as long ago as the Silnrian epoch, * * * am] 
it should also be stated tbat many of the grains of greensand accom- 
panying the well-deSned casts are of wholly nnrecf^Qizible forms, 
iisTii^ merely a rounded, cracked, lobed, or even coprolitic appear- 
ance. ■* * * The &ct, however, bang established beyond a doabt, 
'Ihat greensand does form casts in the cavities of various oi^nic bodies, 
there is a great probability that all the masses of this substance, how- 
-ever irregular, were formed in connection with organic bodies, and 
that the chemical changes accompanying the decay of the organic 
matter have been essentially connected with the depoeits in the cavities 
-of green and red silicates of iron and of nearly pure silica." The fact 
that the siliceous organisms which accompany the foraminifera do not 
form similar casts is particularly commented on. The author, how- 
■ever, states that the researches of Ehrenberg and himself show that 
•other calcareous organisms besides the foraminifera may serve as moulds 
for the greensand. 

From the soundings made by the United States Coast Survey in 
1867 along the American coast, Pourtslee examined, among other ma- 
terials obtained, the greensands. He gives in bis report a description 
■of the various stages in the formation of glauconite. In this connec- 
tion he says : " We find, side by side, the tests perfectiy fresh, others 
still entire, but filled with a rusty-colored mass, which permeates the 
£neat canals of the shells like an iujeotioa. In others, again, the shell 
IB piirtly broken away and the filling is turning greenish, and finally 
we find the casts without trace of shell, sometimes perfectly reproduc- 
ing the internal form of the chambers ; sometimes, particularly in the 
larger ones, cracks of the surface or conglomeration with other grains 
obliterate all the characters. They even coalesce into pebbles in which 
•the casts can only be recognized after grinding and polishing," The 
author mentions the occurrence of greensand at depths of 50 to 100 
fathoms off the coasts of Geoi^ia and South Caroliua. 

In more recent years the vessels sent forth by the various govern- 
ments of Europe and our own to dredge and take soundings at the 
.greatest depths have added much to our knowledge of the distribution 
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and chancter of greensaod on the fioora of existing seas. Of by far 
the greatest impoitaoce among snoh voyages is the expedition of the- 
Challenger, sent out by the British goverament in the years 1872-76^ 
The sdentifio work was in chai^ of able and competent men, who^ 
in the years since the close of the voyage, have had associated with 
them the specialists of all lands for the fnller study of thewonderfiilly 
rich materials that were collected. As all the greater oceans of the- 
globe were visited and portions of the c(wsts of every continent ap- 
proadied, the most varied materials were obtained. One of the most 
valuable results connected with this imporlant expedition has been the 
great light thrown upon onr knowledge of the distribution and origin- 
of greensand. The volume dealing with (bis and other marine de- 
posits appeared only a short time siaee under the joint anthorship of* 
Prof. John Murray and Prof. A. F. Benard. Their views will be 
constantly referred to and often closely followed in the following: 
pages. 

CIA8SIFICA.TI0N OF MA.BINE DEPOSTTB IN QEKERAD. 

In order to understand more fully the conditions under which the- 
greensand deposits of the existing oceans are formed, it is necessary to- 
speak briefly in regard to the formation of deposits in general. 

It has been estimated that the continents approximately cover two- 
sevenths of the surface of the globe, while bordering, the continents 
and extending on an average 200 miles from the coasts, and reaehing^- 
on an average two miles in depth, ia an area of land- derived materials^ 
which covers another seventh of the earth's surface. It is in this zone^ 
that the sediments of past geol<^cal ages are generally considered to- 
have aocnmalated. Prof. Murray speaks of it as the IVansitional' 
Area, 

The four>sevenths of the earth's snrfaoe remaining are covered' by 
pelagic deposits of slow accumulation and of which we have no trace in 
the strata of the continents. As it is only with the Transitional Area> 
that we shall have t« concern ourselves, it will be nnoeceseary to dis- 
cuss in detail the Pelagic Area. Its deposits- are derived cbieSy from- 
the remains of organisms and the deoompssed materials of submarine 
and subaerial volcanic emptimis. When the remains of calcareous-- 
organbms are the prevailing constitnent the deposit is known as either 
a Pteropod Ooze or a Globigerina Ooze, or when siliceous ot^anisms- 
characterize the accumulation- it is known as either a Diatom Ooze or.' 



id by Google 



^22 ANNUAL REPORT OF 

a Badlolarian Ooze, while the prepondentnoe of deoomposed volcanic 
debris produces a Red Clay, the most widelj-diatribated deposit over 
the ocean floor. The pelagic deposits are estimated to cover nearly 
115,000,000 sqoare miles of the earth's surface. 

Within the Transitional Area the deposits may be classed in three 
zones, the Littoral, the Shallow-water, and the Deep-water. 

The Littoral Zone inclndee the depoeite formed between high and 
low-water marks and produced lately by the direct action of the waves 
upon the adjoining coasts. They are composed of the ooarser ma- 
terials, such as bowlders, gravel, and sand, although in sheltered 
places mud may accumulate. To these may be added at times the 
remains of organisms that live near the coasts. As compared with 
the whole extent of the Transitional Area the Littoral Zone is small. 
It is estimated to cover 62,500 sqoare miles. 

The Shallow-water Zone is found between low-water mark and the 
100-fatbom line, and oomprises deposits similar in character to the 
Littoral Zone, but gradually becoming finer as the distance from the 
coast increases. As the outer limit is approached the sediments be> 
come more and more like the deep>water deposits, into which they 
finally grade. With the gravels, sand, and muds of this zone oi^anio 
Temains become mixed in greater or lew amounts, at times comprising 
the larger part of the deposit. The area of the sea floor estimated to 
be covered by the shallow- water deposits is 10,000,000 square miles. 

The Deep-water Zone, in which deposits of a t«rrigeaous character 
are forming, extends from the 100-&thom line to an average depth of 
two miles. Here, except accidentally, the deposits are very fine and 
the accumulation of material exoeediogly slow. Fine sands, clays, 
muds, and oi^anic oozes are the most characteristic deposits, and in 
general mechanical changes are absent The conditions are very uni- 
form throt^hout the zone. The area covered by these deep-w(U«r 
deposits is estimated at abont 18,000,000 sqnare miles. 

The deposits of the Deep-water Zone are classed under five beads, 
viz., Blue Mud, Red Sand, Green Mud and Sand, Yolcanic Mad and 
Sand, Coral Mnd and Sand. 

The most widely distributed of these deposits is the Blue Mod, 
which is generally found in the deeper water surrounding the conti- 
nents, and is composed of the finer materials of land-derived origin 
mixed with greater or less quantities of oi^ianic debris. The bine 
color is aooonnted for by the presence of organic matter and sulphate 
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-of iron. Bine Mad is eetimftted to oover 14,600,000 square milee of 
the sea floor. 

The Bed Mod is diieflj oondned to the Brazilian ooaet, and takes 
4ai^l7 the place of Bine Mod. Its red color is thoaght to be dae to 
'the great amoont of hydroos peroxide of iron brought to the sea by 
the rivers, and which cannot be reduced hy oi^nio matter, as in the 
oase of the Bloe Mud. The area covered by it is, however, smal], 
and is estimated at about 100,000 square miles. 

The Volcanic Mad and Sand are formed near islands or coasts of 
volcanic ori^n, the deposits consisting of the debris of the rocks 
-of the land. They may be much mingled with materials of oi^nic 
orig^ when accumulation is slow. They are estimated to cover an 
area of aboat 600,000 square miles of the Deep-water Zone. 

The Coral Mud and Sand are formed of the debris of coral reefs 
«nd are found spread for gietd distances over the sea floor along the 
ooasts where ooral growth takes place. They are estimated to oover 
-over 2,600,000 eqoare miles of the ocean bed. 

The Qreen Mud and Sand, which are the especial subjects of this 
'Chapter, will be described in the following pages in greater detail. 

CHABACTEB AND UANNEB OF OCCUBBEUHOE OF QBEENSAND. 

The green mud and sand are land-derived sediments which are char- 
acterized by the presence of greater or leas amounts of a greenish mineral 
-eubetanoe known as glauconite, which is secondary in origin, and occurs 
«ither in the form of irr^nlar gnuns or as clearly-defined casts of the 
-caloareoas organisms which had aoonmnlated on the sea floor. It will 
be more folly characterized in the following pages. Mixed with the 
glauconite is also a greenish or brownish amorphous matter, which ie 
-oonsidered by Murray to be in part at least of organic origin, Bince it 
becomes black when heated on platinum foil, leaving an ash which 
ultimately becomes brown on account of the presence of oxide of iron. 

The mineral particles associated with the glauconite are chiefly those 
which are characteristic for terrigenous deppsite. They are of different 
kinds and occur in varying proportions, frequently forming a lai^ 
part of the whole deposit. They are angular, in this respect differing 
^rom the glaoconite, while they vary in diameter from 0.06 to 0.20 
mm., being 0.13 mm. opon the average. Among the more common 
minerala are qoartz, feldspar, hornblende, magnetite, aogite, zircon. 
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epidole, tourmaliae, and garnet, tc^ther with fragments of the con- 
tinental rocks, snch as gneisB, mica sohist, granite, diabaae, &o. 

Mingled with the green sand and mud are varying amounts of 
carbonate of lime derived from the shells of oi^ianisms. In the epeoi- 
mens of mud collected hj the Challenger expedition the average was 
25.62 per cent., of which 17.53 per cent, was found to be due to foram- 
inifera. In the sands the average was 49.98 -p&e cent., of which 37 
per cent, was derived from foraminifera. Siliceoaa ot^nisme were 
also found, affording in the case of the muds on the average 13.67 of 
silica, and in the case of the eands 8 per cent. 

Phoepbat« of lime la a constant accompaniment of greensand de- 
posits. It occurs in small amounts and often in nodular form. 

Fragments of volcanic rooks and minerals, which in greater or les^ 
amounts find their way to all portions of the sea floor, are found min- 
gled in the greensand beds, although greensand does not occur in true' 
volcanic sediments. 

Although foraminifera and other calcu-eone organisms are found- in 
the green muds and sands, in fact are necessary for their formation, stiU* 
the globigerina and pteropod oozes and the coral muds and sands 
do not contain a trace of glauconite, except in the presence of mineral 
particles of continental origin. The occurrence of glauconite in red 
clay or diatom and radiolarian oozes may likewise be always explained* 
on account of the accidental presence of land-derived materials. 

Murray and Renard refer to the ocourrence of glauconite off the 
coast of Africa and Australia and towards the polar r^ons in red< 
clays which " contain apparently wind-borne or ice-bome particles ot 
quartz, orthodaae, white mica, epidote, aircon, and fh^m^ts of gneisaie 
and granitic rocks ; and it may be urged that glauconite has been trans- 
ported to these deposits at the same time or had been formed in con- 
sequence of the association with the above minerals. The view that 
it has been found in situ is probably the correct one, for we have seen 
that it is thus formed in shallower water deposits, like the greensands^ 
where its associations are much more distinctly marked and its pro- 
gressive development more easily traced." 

Glauconite is also found to be absent from the red muds which' 
cover the sea floor off the coast of Braail and in the Yellow sea. Al- 
though these deposits are of land-derived origin, they differ from the- 
terrigenous deposits in the great amount of hydrous iron oxide present- 
in the sediments. The iron is in a higher state of oxidation than iit> 
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the green and blue muds and sands, where the conditions are moet 
favorable for the production of glanconite, but how this interferes with 
its formation has not been satisfactorily explained. 

Finally, glauconite is found in those deposits of land-derived origin 
in proximity to the shore, where the sediments have been extensively 
decomposed by long exposure to the marine waters. This could only 
tahe place where deposition ie relatively slow and mechanical disturb- 
ance slight 

From what has juet been stated it wilt be seen that the portions of 
the floor of the ocean best fitted for the production of glanconite are 
found adjacent .to the coast and along the higher parts of the contineatal 
slope where land-derived materials are deposited in moderate amounts. 
The production of glaaconite seldom reaches to greater depths than 
900 fathoms and most commonly takes place near the boundary tine 
between the Shallow- water and Deep-water Zones. The entrance of 
large rivers into the Eea or the prevalence of strong currents would 
tend to interfere with its formation, so that the area of distribution of 
glauconite is seldom continuous for great distances. 

Since the presence of glauconite characterizes the greensand deposits, 
it is with its character and manner of occurrence that we have chiefly 
to concern ourselves. In the investigation of the materials collected 
by the Challenger it was found that the individual grains of glauconite 
seldom exceed 1 mm. in diameter, although they become at times 
agglomerated into nodules severat centimeters in diameter by means 
of a pboephatic cement. In his investigation of the greensand obtained 
from the Agulhas bank by the Gazelle, Giimbet found that the siee 
of the grains varied from -^ to 1 mm,, the average being ^ mm. 

The grains are always more or less rounded and at times mammil> 
lated, with irrfgular surface outline. They are generally black or dark 
green in color but become deeper green upon being crushed. The sur- 
face of the grains is sometimes covered with fine punctures, while at 
other times it is smooth and shining. Some of these glauconitio graios 
are distinct internal casts of the foraminifera and other calcareous shells, 
but more often they only reproduce indistinctly the form of the cham- 
bers or show no definite connection with the oi^nisms in which they 
originated. Sometimes the casts do not possess the typical deep-green 
color and appearance of glauconite but are a of fainter green or even have 
a brownish or yellowish tinge. 

Dana, in his Manual of Mineralogy, gives the hardness of glanconite 



id by Google 



326 ANNUAL REPORT OF 

B8 2 in the ecale in which the sofiteet mineral is placed at 1 and the 
hardest at 10. Its specific gravity is stated by the same author to 
vary from 2.29 to 2.36. 

Samples of the typical greensand collected by the Challenger were 
hardened and cut into thin sections, so that the structure conld be ex- 
amined by means of the microeoope. The various mineral substances 
hitherto mentioned as entering into the formation of greensand could 
be in most instances satisfactorily detected. It was found that every 
gradation existed between shells in which the hollow spaces were 
empty to those completely filled. At times the chambers were coated 
or partially filled with a brownish, semi-transparent substance, at other 
times one or two of the chambers only were filled, while the others 
were empty. In some instances it was observsd that the smaller cham- 
bers were filled with a green substance, while in the larger ones the 
material was yellowish or brownish in color. Some of the grains 
seemed to have burst the shells in their continued growth until finally 
the form of the chamber was lost in the cast, which had an irregular 
outline. 

The grains of glauconite were transparent when cut into thin sec- 
tions and were in the main homt^neous, presenting no special struc- 
ture with ordinary light. Although normally gre«i and of the same 
color thronghout, some of the grains were found to be a little deeper 
on the edges, while others, probably due to decomposition, were reddish 
or brownish. Between crossed nicols the glauconite shows aggregate 
polarization, extinctitni never taking place at the same time through- 
out the entire section. According to Murray and Renard it presents 
itself in the following manner : " The glauoonitic particles have indefi- 
nite contours and appear dotted with little points united the one to 
the other and polarizing with a bluish-green tint. These deep-oolored 
points are detached from a base generally yellow or yellowish green 
in color. The dotted parts, of a bluish-green color, more or less deep, 
form a rather close network, which is very vague as to its contours. 
The outlines of the sections of glauconite are not clearly defined and 
the relief is feeble, Qlauconite is never seen with a zonary structure, 
except in oases whare alteration has commenced or where it shows, as 
previously mentioned, a border of a deeper color following the external 
contours; nor does it present a fibro-radiate or a concretionary struo- 
tore. Sometimes the microscope shows vaguely that around the grains 
there is a ooloiless zone of slight thickness, in which the arms of the 
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«roe8 of 8pIieroliUiiccoacretioD8nia7 be observed. Microsoopio ezam- 
inatioD appears to show that the snbstance of glauoonite itself is qoite 
homogeneoos. Sometimes, however, and especially when this mineral 
is inclosed in foraminiferous shells, it includes, in the largest or terminal 
chamber, mineral particles similar to tiiose in the sediment in which 
it is formed ; among these particles the most frequent are quartz and 
magnetite, the latter of which may be extracted by the magnet. There 
may also be seen a darkish powder, the feeble yellowish reflections of 
' which might well indicate pyrites. In some sections the form of some 
-of the chambers of the shells of foraminifera appears to be vaguely out- 
lined. When the grains have undergone alteration these sections not 
only show a brownish or reddish tint, from the presence of hydrate of 
iron, but this alteration is frequently accompanied by cracks tra- 
versing the glaacooite in many directions. The sections of the glan- 
-conitic caste appear in the preparations with all the charaoteristio 
'Contours of the ot^anisme in which they have been moulded, and the 
microscopic details apply equally to these, at least when they have 
taken on the characteristic green color of glauconite." 

CHBMICA.L COMPOSITION AND MODE OF FOBUATIOK OF 
OREEN8AND. 

Numerons analyses of greensand have been made since Berthier 
'first analyzed the green grains of the Calcaire Groeeier of the Paris 
basin. Yery wide differences, however, are to be found in these 
■analyses, doubtless due in a large measure to the difEculty of obtaining 
the glauconite in an absolutely pure state. Its association with numer- 
ous other eubetaoces, together with the frequent admixture in the 
.grains themselvee of mineral particles of a foreign nature, makes it 
very difficult, if not quite impossible, to obtain its true chemical com- 
position. In the following table will be found some of the more im- 
portant analyses which have been made ofgreenaand and of the isolated 
glauconite grains: 
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Analyses of Qreensand. 



No. 


Sio, 


Aljo, 


FejOj 


Feo* 


CaOJMgO 


K.0 


N«iO 


HjO 


Total 




46.3 
40.0 

53 46 
47.6 
50.8 
49.1 
50.42 
46.91 
49.09 
46.90 
66.62 
50.85 
51.80 
55.17 
27.74 
50.70 


7.6 
1.1 
5.0 
4.2 
6.7 
7,1 
4.79 
2.64 

1521 
4.06 

12.54 
8.92 
8.67 
8.12 

13.02 

ao3 




22.3 

24.7 

21.78 
3.0 
3.1 
3.2 
5,96 
7.04 
3.06 
3.60 
1.18 
1.66 
1.54 
1.95 
176 


3.0 
3.3 

■ 2.5 ■ 
tr. 

■ 3.31 
2.95 
0.55 
0.20 
1.69 
1.26 
1,27 
1.34 
1.19 

in 


6.0 
16.6 
6.21 
1.4 
4.2 

"2,23 
4.40 
2.65 
0.70 
2.49 
3.13 
3.04 
2.83 
4.62 
2,16 


1.7" 

8.79 
4.6 
3.1 
5.75 
7.87 
7.31 
6.05 
6.16 
2.52 
4.21 
3.86 
3.36 
0.95 
580 


i 

1.21 

1.28 

0.90 
0.25 
0.25 
0.27 
0.62 
075 


15.0 
12.6 

4.76 
14.7 

9.8 
10.1 

5.28 
4.71 

11.64 
9.25 
6.84 
8.56 
5.68 
6.76 

10.85 
8.95 
















4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


21.6 
21.8 
23.6 
19.90 
23.06 
10.56 
27.09 
16.63 
2440 

s 

39.93 

22.50 


99.6 
99.5 
98.85 
99.81 
99,02. 
100.02 
99 24 
100.41 
100.23 
100.32 
100.39 
100.68 
lOO.OO- 



N08. 1, 2. BERTHiBB,t green grains from the Eocene (Calcaire Grossier) 

of the Paris Baein. 
So, 8, VoK D. Mabe,I glaucoDite from the Cretaceous marlB of West- 

phalia. 
No. 4. Hadbhofeb, C.,i green grains from the Ctetaceoua greeosand 

of Bavaria. 
No. 6. Haubhofer, C, glauconite from the Jurassic limestone (Halm) 

of Bavaria. 
No. 6. Haushofeic, C, glauconite from the Triassic limestone (Mus- 

chelkalk) of Bavaria. 
No. 7. DBWALQnE.II glauconite grains from the Pliocene sands of Bel- 

No, 8. Von BAMBERQER.It glauconite from the Miocene of Germany. 

No. 9. Heddle ,•* glauconite from the Jurassic (Oolite) of Scotland, 

No. 10. GuMBEL,tt glauconite from the Agulhas bank, south of the Cape 

of Good Hope. 
Noa. 11-14. Murray and Ebsard.II greensand from the Australian coast, 
off Sydney, at a depth of 410 fathoms. 

*In the earlier analyses the distinction was not made between the ferrous and ferric: 

t Annal. d. Mines, 6, 1821, p. 459. 

I Zeitschr. d. deutech. geol. Gesellich,, 8, 1856, p. 136. 
J Joura. f. pract. Chemie, 97, 1866, p. 363. 

II Ann. d. 1. 80c. geol. de Belg., 2, 1877, p. 3. 
it Tschermak Min. Mitthell.. 1877, p. 271. 

•* Royal Soc. Edinburg, Trana. 29, 1879, p. 79. 

tt Siwb. d. k. b. Akad. d. WisBensch., 16, 1886, p. 437. 

ti Repta. Cballenger Expedition, Deep-sea Deposits, 1892, p. 387. 
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ITo. 15. MnoEAY and Aenabd, greenaand from oear Raine island, to the 

Boutheaat of Cape York, Australia, at a depth of 156 fathoms. 

Ho. 16. HofTT, T. Sterry,* glauconite from the Cretaceous of New Jersey. 

Namerous aDalyses are also given of the New Jersey greensanda in 
the aQDual reports of the State Geologist, but no attempt has been 
made in tbem to separate the glauconttic grains from the other ingre- 
dients of the greensand marl. A. few tjpical analyses aie given below, 
but a somewhat different method is observed in determining the various 
flobstancea than in the analyses previously cited. 

•Min. Physiol, and Physiog., 1886, p. 193. 
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Mo. 1. Clay mar! from near Mattawnn. 

No. 2. Clay marl from MatchapocU creek, threa miles south of Spotts- 

No. 3. Lower marl from Navesink Higblaads. 

No. 4. Lower marl from north shore of Navesink river at Red Bank. 

No. 6. Lower marl from Hop brook, near Marlboro. 

No. 6. Lower marl from northwest slope of Mount Pleasant hills. 

No. 7. Lower marl from north of Freehold. 

Ho. 8. Lower marl from indurated layer at Tinton Falls. 

No. 10. Middle marl from near Eatontown. 

No. 11. Middle marl from southeast of Freehold. 

No. 12. Upper marl (Maaasquan) from Poplar. 

Ho, 13. Upper marl (Shark river) from Shark river. 

CoDcerniDg the mode of formatioa of gkuconite tbete ia much that 
is difScnlt to Dnderstand, The moat satisfactory statement is given 
by Murray and Renard in thdr report upon the deep-sea deposits ob- 
tained by the Challenger expedition. It is given in full in the follow- 
ing pages: 

" While it moat be admitted that we have arrived at certain definite 
and satisfactory conelnsions as to the conditions under which glauconite 
is found in our present seas, as well as in geological formations, we 
are far from having at our disposal all the facts neoeesary for a com- 
plete explanation of its mode of ori^n. So many possible reactions 
may take place in the deposits being laid down in existing seas that it is 
difficult to be certain that any one of them is necessarily the one which 
has been followed in the deposition of this silicate in the terrigenous 
deposits. The explanations that are given with reference to the forma- 
tion of glauconite must then be more or less hypothetical; it is not to 
be wondered at that its origin has remained for a long time enigmatical, 
and that the researches of numerous mineralc^ists up to the present 
time have not led to any very definite results. Two principal opinions 
have been expressed.* Before the time of Ehrenbei^ attention had 
not been called to the remarkable &ct that the grains of glauconite 
sometimes carried the impress of the calcareous organisms in whose 
cavities they were moulded. He concluded that this mineral was 
always formed through the activity of the creatures whose impress he 
had discovered.f This opinion was disputed by Reuss,]: who believed 

*For theTuiouE hypothcMeas to the mode of formation of glauconite tee Qflmbd, 
" Ueber die Natur und Bildungoweise des Qlaakonitg," BitznngBb. d. k. Akad. Mun- 
chen. Bd. xvi. Math. Phys, Kl., pp, 417-449, 1886. 

fEhrenberg," Ueber den QninBandund BeineErlautemngdeeorganiscbeQLebens," 
Abh. d. k. Akad. Wias. Berlin, 1856, Phya. Abh,, pp. 85-176. 

t Beuss, " Einige Bemerkungen iiber den OrvlDaand," SitEungsb. d. k. Akad. Wiw. 
"Wien. Bd., xl. Natarw. Kl., pp. 167-172, 1860. 
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that the grains of glauoonite might be concretions, not moulds, formed 
outside of the foraminiferons and other shells, although he admits (hat 
some glauGonitic grains are internal casts. 

"From all that we have already stated in this chapter it appears 
certain that glaaconite is principally developed in the interior of foram- 
iniferons shells and other calcareous structures, and that all the transi- 
tions can be observed from ohambers filled with a yellowish-brown 
mass to grains that have almost completely lost the impress of the 
organisms in which they were formed. From this fact, as well as from 
direct observations of the various constituents of the deposits, it is un- 
. certain, and indeed little probable, that there are any minute grains of 
glauconite formed in a free state in the mud. We are therefore in- 
clined to regard glauconite aa having its initial formation in the cavities 
of calcareous organbms, although we have admitted above that some 
grains which might be regarded as glauconite appear to be highly- 
altered fragments of ancient rocks, or coatings of this mineral on 
these rock fragments. It appears that the shells are broken by 
the swelling out or the growth of the glauoonite, and that subse- 
quently the isolated cast becomes the center upon which new addi- 
tions of the same substance take place, the grain enlarging and be- 
coming rounded in a more or less irr^ular manner,* as in the case 
of concretionary substances like silica, for example, which forms 
moulds of fossils. We have already referred to the size of certain 
grains of glauconite found in geological formations ; even if it be ad- 
mitted that these large-sized grains are single individuals and not ag- 
glomerations of smaller gruus, their occurrence might be explained by 
supposing them to have been formed in gastropods and other calca- 
reous organisms Urger than foraminifera.t 

•The increase by new additions of glauconitio material is indicated by the fact 
that in rare cases the glauconitic casts of foraminifera shells are fouod entirely ea- 
Teloped by subsequent depositions of that mineral. In such a case it must be admitted 
that after the glauconite has broken the chambers of the foraminifera it has continued 
to play the rola of center of attraction, and that the same mailer has been ocoitiDually 
deposited around this nudetu, tbns causing the primidve form of the cast to disappear. 

t Gilmbel, who does not admit that certwn grains of glauconite have been moalde 
in organisms, because of their large size and r^nlar form, without trace of organic 
impreee, suggests the fallowing interpretation : He compares them with enlociliths and 
maintains that the gases disengaged by the decomposition of organic matters contained 
in the sediments where glanoonite is formed, phiy a role in the formation of these 
glauconite granules. These gases are the hydrocarbons, carbonic acid and hydrosul- 
phuric acid, which form bubbles of difierent dimensions that remain a long time in 
the muddy deposits and attach themselves tothegrainsorsandoraggregatesof themud, 
grouping thetnselTee in a varied manner. At the surface of these bubbles reactions 
take place, provoked by the action of the gas upon the bodies held in solution in the 
sea-water, and a deposit of these bodies takes place there; it is usually carbonate of 
lime and silica that are thus deposited, and in this case glauconite would form the 
crust around the bubble. If this crust be formed it will be filled by intussusception in 
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^'AU the probabilities appear, then, to be in favor of the opinion 
that this silicate is formed originally in the cavities of oi^amsms whose 
remains are deposited in the sediments of the sub-littoral and deeper 
zones of the sea. In the oavities and, veins of rocks in process of de- 
composition green subslanoeB are frequently deposited, which for a long 
time were confounded with glauconite. But chlorite and green earth, 
for example, which are formed in this way, are minerals widely differ- 
ent from glttuconite, and thdr formation may be easily explained by 
taking into account the mineralogioal and chemical changes going on 
in these rocks. The initial stages of the formation of glauconite in 
these shells are, in all probability, due to the action of organic matter, 
which inoontestably influences the precipitation of some mineral sub- 
stances. In this case it must be admittal that the oi^ania matters, or 
the saroode elements of the organisms fallen from the surface or living 
on the bottom, ought to remain in the interior of the shells, at least 
temporarily. After the death of the organisms their shells are slowly 
filled with the fine mnd in which they are deposited. The existence 
of this oi^anic matter in these cavities and the absence of all other 
causes which might there induce the deposition of the silicates, in fact 
the constant association of these phenomena, appear to demonstrate 
the existenee of a relation of cause and effect. Formerly the role of 
organic matter in the formation of glauoonite was specified by saying 
that it determined a reduction of the iron to the state of protoxide, bat 
this interpretation is not admissible at the present time, for we nave 
fleen by the analvseathat iron exists in glauconite in a state of peroxide. 
It may be urged that an infiltration pure and simple of the solution 
which forms glauconite into the cavities of the organisms takes place 
the same as in a geode. This solution, being attracted by the organic 
matter, may aot upon the solid matters derived from the mud already 
inclosed in the cavities of the organisms. This, however, does not 
Appear to be the meet probable interpretation. In describing the 
microstmcture of the glauconite grains it was pointed out that inclu- 
sions of mud, or quarlziferous particles, grains of magnetite and other 
minerals were sometimes observed, and that these probably pre-existed 
in the shells before the development of the glauconite. It would ap- 
pear that these inclosed materials must have undergone with time a 
molecular modification, whose final term is seen in we typical dark- 
green granules, presenting feeble doable refraction and a^regate polar- 
ization and possessed of a greater hardness than the Tighter-colored 
glauconitic casts of organisms, in which a more earthy nature may be 

the s&me (KilDtiOD that has given birtli to the primordial glauconitic Bphere. If thej 
were babbles of sulphuretted hydrogen, pjriteB would be formed in them at the earns 
time as the glaucauite; if at the same time there were disengagenieut of hjdroc&rboDS, 
there would be formed in the presence of iioo, magnetite {hj reduction) similar to that 
found incloeed in the grains of glauconite. We felt bound to notice these views, but 
■«TeiylhiDg connected with them appears verf bypotfaetical. 
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obBerved, It is certain that very fine nrnd is washed into the Globi- 
gerina shells and may penetrate through the foramina, If we admit 
that the organic matter inclosed in the shell and in the mud itself 
transfwms uie iron in the mud into sulphide, which may be oxidized 
into hydrate, salphur being at the same time liberated, this sulphur 
would become oxidized into sulphuric acid, which would decompose 
the fine clay, setting fr«e colloid silica, alumina being removed in solu- 
tion ; thus we have colloid silica and bydrated oxide of iron in a oon- 
dition most suitable for their combination. To explain the presence 
of potash in this mineral we must remember that, as we have shown' 
when speaking of the formation of palagonite nnder the action of sea- 
water, there is always a tendency for potash to accumulate in the- 
hydrated silicate formed in this way, and, as we have stated before,, 
this potash mast have been derived from the sea-water, 

" if we recall the observattoDS with reference to the geograpbioaV 
distribution and mineralogioal and lithological associations, it seeme- 
poasible to surest, with a considerable degree of certainty, the relative- 
abundance of potash in the deposits where glauconite is forming. It 
was pointed out that glauconite was always associated with terrigenous- 
minerals, and in particular with oithoclase, more or less kaoliniaed^ 
and white mica, and with the debris of granite, gneiss, mica-schistfr 
and other ancient rocks. We cannot fail to be struck with these rela- 
tions, for it is just those minerals and rocks that must give birth by 
their decomposition to potassium, derived from the orthoclase and the 
white mica of the gneisses and the granites.* The minute particles of 
these rocks and minerals, which make up a large part of the muddy 
matters settling on the bottom beyond themud-linearound continental' 
shores, would readily yield under the action of sea-water thechemicali 
elements that are deposited in the form of glauconite in the chambers 
of foraminifera and other calcareous organisms." 



DIBTBIBin:[OS OF QBEEN8ASD IN QEOI^OOICAL F0BSIA.TI0N8. 

That glatioonite is very widely represented in the geological forma- 
tions of the earth's crust has been long recognized, and many writers 
upon geology have described, in greater or less detail, the individual 
oooarrences. Some of the oldest of the stratified rocks have been 
found to have greensand, and from the Cambrian to the present time 
all the leading divisions of the geological column have afforded it in 
greater or less amounts. 

* It has been shown, in fact, bj Guignet and Telles, that the waler of the bay of 
Bio Janeiro contains a large amount of potassium salts, evidentlj due to the p 
of ancient rocks in this ba;. (See Comptes Beodus, torn. Ixxiiii., p. 919, 1876.) 
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Id America it has been found in the Potsdam Bandetone of the Cam- 
brian in Wisoonsin, Minnesota and Teonesaee and in the Quebeo- 
Group of tlie Silurian at Point Lewis and the Island of Orleans in 
Lioner Canada. The Carboniferous of Ohio has also been shown to- 
have glauconite in small amonnts. 

In Europe similar depoeits are known in the earlier Palseozoia 
strata of Sweden and the Island of Bornhelm, while beds of almost 
pure glauconite are described from the Silurian of Esthland. Near St, 
Petersburg the so-called " Uogilitensand " of Lower Silurian age is 
rich in greensand. In Bohemia, also, glauconite has been found in a 
coarse-grained sandstone of Barrande's Stage D (Lower Silariau). It 
has also been reported from the Carboniferous elsewhere in Europe. 

In Mesozoic formations the occurrence of glauconite is mnch more- 
frequent than in the Palieozoio. The Triassic affords numerous de- 
posits in Qermauy, viz., in the Moscbelkalk of Wurtemberg, Bavaria, . 
and at other points to the north in central Germany, and in the Keuper 
of Swabia and Franconia. The Jurassic has a still larger development 
of greensand. It is found in the Lias of Bavaria and in the middle 
and upper Jurassic of Russia, Swabia, Franconia and England. 

The greatest deposits of glauconite in the Mesozoic occur, however,. 
in the Cretaceous. Among these are the New Jersey strata, the most 
extensive and cbaracteristic of greensand accumulations. Outside or 
New Jersey glanoonite has been recognised in other portions of the 
Cretaceous belt of the South Atlantic and Gulf States, while in Europe- 
it is prominently represented in the Neooomian, Gault and Cenomanian 
of Germany, France and England. The glauconitic deposits of the 
English Neocomian and Cenomanian are so prominent a feature that 
they were early given the names of the Lower and Upper Greensand 
respectively. 

In the Cenozoic, the Tertiary in many portions of the world affords 
greensand deposits. The Eocene of Maryland and Virginia is largely 
composed of greeDsand beds, while glauconite has been observed less 
nnmeroualy at the same horizon in North Carolina, South Carolina 
and Alabama. The Jaohson group of the latter State is particularly 
rich in greensand. 

In the European Eocene, glailiconite has been found in considerable 
quantities in the Thanet sand and Barton clay of England and the 
Sables de Bracheuz and Calcaire Gro^sier of France. The Nnmmulitie- 
sandstone of the Alps is characterized by an extensive development ofT 
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greeoeoDd throughoat the area of its ooourreaoe, and the locality of 
TrauDBteiD, in Bavaria, is especially renowned through the inveetiga- 
dons of Ehrenbeig. The later Tertiary strata of north and south 

•Germany, Austria, Italy and Belgium likewise afford greater or less 
amounts of glaneonite, so that the Tertiary is hardly second to the 

'Cretaoeoue in the importfuice of its greensand deposits. 

This brief review of the occurrence of greensand is sufficient to show 
how wide is ita distribution in the geolt^oal formations of the earth's 
crust. Although nowhere else so splendidly exhibited as in New 
Jersey, it is nevertheless found at all the more prominent horizons and 

'frequently in sufficient amounts to characterise the strata. 

THE NEW J&BSBT DEPOBITB. 

The preliminary examination of the materials collected from the 
greensand deposits of New Jersey warrants the conclusion that they 
present characters closely related to the materials from modern seas. 
We find anextensive series of strata in which at certain horizons thick 
layers of almost pure greensand are foond, enrpaseing in extent eimilar 
deposits in other portions of the earth's crust and in parity, those form- 
ing to-day on the sea-bottom. 

Although no eystematic examination of the deposits has yet been 
made with the microscope by means of thin sections, such as were em- 
ployed in the investigation of the Challenger material, still shells and 
caeta of foraminifera have been frequently observed, while other cal- 
careons oiganisma are very numerous. The associated materials were 
also largely derived from the crystalline rocks of the Piedmont Plateau, 
in which quartz, feldspar, mica, hornblende, augite, magnetite and 
other continental minerals are common constituents, so that the 
elements necessary for the production of glauconite were present and 
in a manner most favorable. It seems probable that conditions 
suitable for tfae formation of glauconite in late Cretaceous time must 
^ave existed from fifleen to twenty-five miles off the coast, and if we 
accept the theory of Davis, hitherto presented, the present situation of 
the greensauds would correspond very well with the supposed position 
-of that Cretaceous coast. The latter, however, must have been con- 
stantly changing during the period. The frequent variations in the 
-character of the deposits, even after greensand deposition had oom- 
•menced, t<^ether with the wide areal distribution of the greensand 
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itself, as showa by deep borings in the eastern portions of the State, 
voald seem to point to this conclusion. At times the admixture of 
land-derived materials was so great that the formation of greensand 
very nearly oeased, while at other times the production went on so 
continuoosly that the entire bed, many feet in thickness, was com- 
posed almost entirely of glauconite. The Lower, Middle and Upper- 
Marl Beds present the best instances in the New Jersey formations of 
continued conditions favorable to the production of glauconite, since 
in each case extensive deposits of greensand, many feet in thickness, 
were formed. The Clay Marl and Red Sand formations also contain 
greensand, in the former as interstratified layers, in the latter aE^ 
scattered grains throughout the deposit, so that the entire Cretaceous 
Eeries above the Baritan formation is characterized by the presence of 
glaaconite in greater or less amounts. 

The oxidation which takes plaoe in the greensands, with the con- 
sequent production of red and yellow sands, is a marked feature in- 
the New Jersey deposits. In all instances the thinned>out edges of 
the greensand layers become altered, although oftentimes the oxida- 
tion only extends a sh'ght distance below the surlace of the individual 
grains of glanconite, so that when crushed the deep green color is 
immediately seen. At other times the oxidation is more complete^ 
and the original character of the deposit is more difficult to ascertain, 
but even here it is rare for all trace of the glauconite to disappear. 
The Red Sand affords the most striking instance among the New 
Jersey deposits of extensive alteration. Although much more quart- 
zoee than the mail beds which lie above and below it, the Red Sand, 
nevertheless, possessed originally a marked percentage of glauconite,. 
which has become partly or entirely oxidized, giving the deep red 
color BO characteristic of the deposit. The loose, porous character of 
the strata has allowed this change to go on everywhere, and not 
merely, as in the case of the marl beds, on their thinned-out and- 
exposed edges. Well-boriuge show the existence of the Red Sand fat 
beneath the surface with its highly-oxidized and quartzose greensand.. 

Altogether, the greensand beds of New Jersey are among the most 
striking deposits in the State. It is important that they should be- 
fully examined in the light of modem lestarch, and it is purposed in- 
the continuation of the investigations of the greensand area of the 
State to give much attention to this subject. The cause of the accumu- 
lation of the extennve greensand deposits of New Jersey has long; 
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been a qnestion whicli has elicited mach interest, not only on aoconnt 
of the scientific problems involved, bnt beoanse the agricnltursl pros- 
perity of the Marl Belt has bronght the inquiry to the attention of 
every resident of the region. The investigations of the deposits form- 
ing in existing seas aeem to have afforded the meuis for the final 
solution of this qnestion. 



In reviewing the statements of the preceding pages, it will be seen 
that glauconite is widely distributed throughout deposits of past geo- 
l<^cal ages, as well as in those forming upon the floor of existing seas. 
The area of its formation in sufficiently lai^ quantities to constitute a 
green sand or mud is limited to exposed coasts and to depths just 
beyond the action of waves and currents. It is never found along 
portions of the coast where the accumulation of sediment is rapid, 
nor does it extend to great depths. The conditions most &vorable to 
its formation are found along the higher portions of the continental 
slope, where not interfered with by the entrance of large streams 
bearing sediment from the land. 

The glauconite occurs as green grwis, which frequently show them- 
selves to be casts of foraminifera and other calcareous organisms. 
The minute grains, which seldom exceed 1 mm. in diameter, occa- 
sionally become agglomerated into nodules of much lai^er size, in 
which the cementing substance is generally phosphatic 

A thin section of glauconite beneath the microscope presents no 
special structure, being entirely homogeneous. Between crossed 
nicols it shows aggr^ate polarization, while the individual particles 
have very indefinite contours. 

Glauconite is always associated with those minerals common to the 
rocks of the land, such as quartz, feldspar, mica, hornblende, angite 
and magnetite, and with fragments of the rocks themselves, among 
which gneiss, mica-schist and granite are common types. The shells 
of foraminifera and other calcareous organisms are generally found, and 
in fact are essential to the formation of glauconite. The chambers 
-become filled with the muddy sediment, and then, according to Murray 
and Renard, "if we admit that the organic matter inclosed in the shell, 
■and in the mud itself, transforms the iron in the mud into salphide, 
which may be oxidized into hydrate, sulphur being at the same time 
liberated, this anlphnr would become oxidized into sulphuric acid. 
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■which would deoompoee the fine day, setting free colloid ailics, 
alamina being removed in aolution; thna we have colloid silica and 
hydrated oxide of iron in a state most saitable for their combination," 
The potash which is neceseary to oomplete the oompoeition of glauconite 
may be derived from the deoompoeitioo of the fragmeota of cryBtalliDe 
rocks or their oommon constituents, orthoolsse and white mica. 

The greensand deposits of New Jersey are generally considered to 
have been formed under conditions similar to those which obtain for 
the production of glauconite in existing oceans. They afford three 
welt-marked greensand horizons, viz., the Lower, Middle and Upper 
Marl Beds, together with two in which the greensand is sparsely 
represented, viz., the Clay Marl and Red Sand formations. The 
oxidation of the gUuoonite grains with the production of red and 
yellow sands is seen in the case of the marl beds to be chieBy confined 
to their exposed portions, while it has extended everywhere through- 
out the deposits of the Red Sand formation. 

The greensand deposits of New Jersey are among the most striking 
in the State, and upon both scientific and economic groanda demand 
.fuller investigatioD. 



id by Google 



idb, Google 



idb, Google 



GREENSAND 



PdbvCoOglc 



THE STATE GEOLOGIST. 



PLATE IV. 



GlaDconitic particlee tbftt remain afler the removal of the carbonate 
of lime from a. deposit off the coast of Aostralia (magnified 35 diame- 
tera). On the removal of tlie carbonate of lime there is seen to be a 
very large namber of casts of the oalcareouB onanisms. The cham- 
bers of the shells are filled, or partially filled, with red, yellow, brown 
or pale-green casts in various stages of consolidation. When these 
casts are not opaqne, they give a^regate polarization. Besides the 
oasts there are many grains in the deposit similar to those desoribed 
by mineralogists under the name of glaoconite, which in many oases 
show roughly the form of the foraminifent. Locality : Challenger 
Expedition Station 164 B ; 410 fathoms ; South Pacific. 

(This plate is reproduced from Challenger Expedition Beport on 
Deep-Sea Deposits, PUte XXIV., Fig. 2.) 

16 



PdbvCoOglc 



db. Google 



idb, Google 



PLATKV. 



VARIOUS PHASES 

FORMATION OF GLAUCONITE 



PdbvCoOglc 



THE STATE GEOLOGIST. 



Illustrates various phases aseamecl by glaucoDit« in existing oceaoB, 

Fig. 1. Glauoonite casts and particles from off the coast of Ans- 
■tralia as seen between crossed niools, showing aggregate polarization. 
Little green and blue points form a very fine mosaic on a brownisb- 
-colored ground, 'Locality: Cballenger Expedition Station 161 B; 
410 fatboms ; Sonth Padfic (Magnified 50 diameters.) 

Fig. 2. Olaaoonite like particles of a brown-green color. Tbe 
.mammillated snr&oe is qaite like a typical glauoonitic grain, bat this 
.particnlar gtain appears to be an altered rock fr^^ent. 

Fig. 3. Fartide of a lighter color than the preoeding, but having 
Lapparently a similar origin. 

Fig. 4, Specimen of OltA^erina buBoida filled with a glauoonitic 

'CBSt. 

Fig. 5. Specimen of ThmeahUina refa^mt filled with a glauoon- 
itic cast 

Fig. 6. Spedmen of HUioHna aeminulum filled with oast 
(This plate is reproduced from Challenger Expedition Report on 
Deep-Sea Deposits, Plate XXV., Figs. 1-6.) 
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PLATE VI. 



Fig. 1. Specimen of Uvigerina pygvuea filled with cast. 
'Fifp. 2 and 3. Caste of Orbulina universa. 
Pig. 4. Cast of Anonu^na ooronaia. 

Fig. 6. Cast probabl7 formed in the interior of Orbulina univeraa. 
Fig. 6. Spedmeo of Otobigeriwi paehyderma filled with cast. 
Fig. 7. Coat of Polyatomella arcHca. 
Fig. 8. Cast of Anomatina eoronata. 

(This plate is reproduced from Challeoger Expedition Report on 
Ceep-Sea Deposits, Plate XXV., Figs. 7-14.) 
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WATER-SUPPLY AND WATER-POWER. 



BY C. C. VEBMBUUE. 



The work of collecting data for the general report upon the Btreatas 
of the State has continued through the year. ObservationB of stream- 
flow have proceeded on the more important streams and recently some 
fall studies have been made of flood-flows upon the Passaic and else- 
where. It is thonght that sufficient data aie in hand for the comple- 
tion of onr work, but the collation, arrangement and comparison of 
this material will etJU require some time. The attempt to work out 
a more satisfactory and natural theory of stream-flow than has here- 
tofore existed promises to be successful but involves much careful 
consideration. 

The qoeation of domestic water-sapply grows in importance in just 
the ratio that has been predicted in the past. The most serioaa prob- 
lems arise in the populons district of the northeast, near New York. 

WATBB-8UPPLY OP NOBTHEBN HEW JERSEY CITIES. 

The dtj of Newark is now drawing its supply from the Pequan- 
nock river through the plant installed by the East Jersey Water 
Company. 

There has been a great deal of discussion as to the quantity of 
water available from the gathering grounds utilized by these works. 

Onr investigations of rainfall and stream-flow indicate that we can 
at all times depend on collecting fourteen inches of the rainfall on the 
P«quanDOck, provided we have seven inches of storage for all por- 
tions of the water-shed. It will not do to merely provide a total 
storage equal to seven inches of rainfall on the gathering ground, but 
storage to this amount mnst be furnished for every portion of the 
Area. The area tributary to the Maoopin intake is 63.7 square miles, 

(249) 
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and the above figures show that with storage for all portions of the 
shed eqaal to seven inches of rain we can collect in the driest year 
42,000,000 gallons daily. At present 27.6 square miles of the 
upper water-shed is tributary to Oak Ridge reservoir, the capacity of 
which equals 5,32 inches thereon. Clinton reservoir affords storage 
equal to 20.5 inches rainfall on its 9.9 square miles of water-ahed. 
There is consfquently a surplus over the Deeded amount here. 
Macopin lake will furnish the needed amount of storage for its own 
water-shed of two and oue-half miles. Forty square miles of the 
63.7 Fquare miles are therefore provided with storage, and the 
remaining 23.7 square miles are practically destitute. During an 
extremely dry period this 23.7 square miles will furnish an average of 
only 4,600,000 gallons daily, and by careful management the water- 
shed as now improved may be depended upon for about 30,000,000 
gallons daily in the driest year. The addition of 900,000,000 
gallons storage above Oak Ridge reservoir, sites for which are availa- 
ble, and 6,765,000,000 gallons on the lower water-shed, which will 
be more difficult to procure, wilt afEbrd a continuous supply of 
42,000,000 gallons daily. 

Newark is fortunate to be in the full enjoyment of a pure supply 
of water, such as this nnqueetionably is under present conditions. The 
fact that all of the visible supply above the intake will l>e needed 
within a reasonable period is nevertheless apparent, 

Jersey City has agitated the question of a pure supply vigorously 
during the year, and it seems fitting that the Survey should again set 
forth the sources now available for supplying northern Nev Jersey 
towns with water. Briefly, these are the following water-sheds : 

Sackef>gack above New Mil/ord. — Elevation at outlet, 4 feet. 
Supplying capacity, 76,690,000 gallons daily, used by Hackensack 
Water Co., Re-organized, to supply Hoboken, Hackensack, i&c. 

Saddle River t^ove ParamuB. — Elevation at outlet, 90 feet. Sup- 
plying capacity, 14,000,000 gallons daily. Not utilized. 

Rama-po above Pompton. — Elevation, 202 feet. Supplying capacity,. 
107,000,000 gallons daily. Not utilized, 

Wanaque above Pompton. — Elevation, 200 feet. Supplying capacity, 
73,000,000 gallons daily. Of the 109 square miles of water-shed, 28- 
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squKTe miles are tributary to Greenwood Jake, a Btorage reservoir of 
Morrie caaa], the waters of which have to flow almost the whole 
coDrEe of the stream. The rights of the caaal company on tbis- 
atream are important. 

Pequannoek above Pompton. — Elevation of outlet, 220 feet. Sap- 
plying capacity, 66,000,000 gallons daily. Utilized by East Jersey 
Water Company for Newark sapply. 

Rockavxiy above £oonton. — Elevation, 480 feet Supplying capacity,. 
78,000,000 gallons doily. Not utilized. The Morris canal draw» 
its supply from Lake Hopatcong and has claimed that it diverts no 
waters from the Bockaway permanently. 

The above are the only practicable sources of supply north of the 
Baritau water-shed which are sufficient for towns of over twenty 
thousand inhabitants. Of these, only Saddle river, Ramapo, 
Wanaque and Bockaway rivers are available for new systems of 
supply of any magnitude. The aggregate supplying capacity of these 
four streams is 277,000,000 gallons daUy. These are the sources to 
which our large cities mast go in order to acquire ample, independent 
supplies. 

The importance of a proper development of these sources has fre- 
quently been pointed out, and it grows in the eyes of the close 
observer with every oensns and with the aooumalation of data as to 
our water-sheds. Taking the counties of Hudson, Essex and Union, 
with Passaic, north, to and including Paterson and Bergen northward 
to Hackeusack, we have a population practically all dependent upon- 
public water-snpply systems. The growth of this population is- 
shown by the following table : 

CITY POPULATION OF KORTUERH KEW JBBSBY. 
Yekr. PopuUtlOD. per cent. 

1840. 72,404 

1850. 116,982 62 

1860 224,617 92 

1870. 870,957 65 

1880 516,192 39 

1890 726,442 41 
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The iDcrease for the last two decades is about 40 per oent. The 
oOBBumption of water in the laif^ dtiee is above 100 gallons per 
capita daily, and the tendency is to increase. Taking thia as the rate, 
72,000,000 gallons woqld be required daily, but the actual ooBSnmp- 
tion may be estimated at 60,000,000 galloDS in 1890. Inoreaeing at 
the rate of 40 per cent., this would become as follows : 1900, 84,- 
fl00,000; 1910, 117,600,000; 1920, 164,400,000; 1930,230,400-, 
■000; 1940, 322,600,000; 1960, 451,700,000 gallons daily. 

Now, the total supply, above indicated, of potable waters reason- 
ably accessible to thia district is 409,000,000 gallons daily, and by 
onr estimates this will all be required in about fifty years, which is 
not a long time for a State to look forward. The neoeeeity of wise 
and jndiciona development of these water-sheds for the benefit of all 
of this populous district, rather than thar segr^ation to the uses of 
a few powerful communities, is what these figures seem to teach. 

The entire metropolitan population, including the above and the 
counties of New York, Kings and Bichmoud, with Long Island City 
and Newtown, in Queens county. State of New York, aggre^ted 
3,180,038 in 1890, and the average increase for three decades has 
been 32.2 per cent. Estimating an increase of 30 per oent. per 
decade, it will reach 15,349,000 by 1950, and will require, at 100 
gallons per capita, 2,300 square miles of water-sheds to supply it. 
It can readily be seen that all potable waters will eventually become 
of great value, and that the question can only be snooeesfully dealt 
with as a whole, comprehensively. 



SOUTHERN NEW JEBBEY WATEB-SUPPLY. 

There are certain peoaliaritiee of southern New Jersey water-sheds 
which are favorable to parity of their waters, Large areas are very 
sparsely populated and almost entirely in forest, particularly on the 
Great Egg Harbor, Mnllica and upper Rancocas, Toms river, the 
Metedeoonk and some of the smaller coast streams. The nature of 
the soil is to permit very free percolation of the water which falls 
upon it in rain. No matter how heavy the downpour, it is a rare 
sight to see any water running over the surface to the stream. Sink- 
ing at once into the eand it finds its way gradually to the stream bed. 
Consequently it can carry with it no efiete organic matter to pollute 
ithe water-(X)nrses, as is done by the rush of surface-water over steeper 
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slopes and less penetrable boUb after heav^ BhowerB. Another conse- 
qoence is that muddineea is almoat impossible. The existence of 
malarial diseases is uDknown even in the densest and wettest of the 
Bouthem New Jersey swamps. This fact is one which should com- 
mand the attention of sanitarians. The fact ie indisputable. 

The availability of these Bouthem etream-watera for public water- 
supply cannot be questioned, except for the ocoasionat occurrence of a 
traoe of acidity, which has a corrosive effect upon nteam boilers,, 
but which could probably be readily neutralized if necessary. 
The supplying capacity of some of these streams is large. The 
elevation is generally too little for gravity supply. The following: 
are some of the more important water-sheds : 

Dally Bappljr, 
Streun. Dileit Yeai. 

Toms Kiver at village 108,000,000 gall ona. 

Cedar Creek at village 37,000,000 

Wading River at Harriaia 102,000,000 " 

Mullicft Biverat Batato 180,000,000 " 

Great E^ Harbor, Mays Landing, 144,000.000 

Maurice River, Millville 146,000,000 " 

Rancocae, South Branch. 112,000,000 *' 

Bancocas, North Braoch, 96,000,000 " 

These southern New Jersey streams will be found valuable potable 
vaters when the time comes to utilize them. The popular idea has 
been that we most go to the hills for pure waters, but there is little 
doubt that a systematic comparison at all seasons would result favora- 
bly to such of these streams as have forested water-sheds at least, if 
Bot to all of them. 

BXlKACnS FBOU GEMEBAL BBPOBT. 

The following are extracts from the full report on thb subject now 
under preparation. Deductions from collections of observations are- 
modified by each new series obtained, and as gaugings are oontinoally 
accumulating, these pages are still subject to revision. -The object in 
printing, in fact, is to render this revision more tliorongh as well oa- 
to jnesent the information as early as possible for use : 
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PHBNOMSHA OF RA.ISTALL, BVAPOIU.TION, STREAUFLOW 
AND GBOUND-6TOBAQB. 

Aa a prelimiiiary to any intelligeDt etady of the flow of sIreamB, 
Tre mnet cooEdder tbe causes wbicb give rise to the phenomenoD. 

The watets of the earth are taken np by the process which we call 
evaporation and formed into clouds, to be again precipitated to earth 
in tbe form of rain or snow. Of the water which falls upon the 
basin of a stream, a portion is evaporated directly by the snn ; another 
lai^ portion is taken np by plantrgrowth and mostly transpired in 
vapOF ; still another portion, lai^ in winter but very small in sammer, 
-finds its way over the snrikoe directly into tbe stream, forming surface 
or flood-flows ; finally, another part sinks into the ground to replenish 
tbe great reservoir trom which plants are fed and stream-flows main- 
tained during the periods of slight rainfall, for the rainial] is fre- 
quently, for months together, much less than the combined demands 
of evaporation, plantr-growtb and stream-flow. These demands are 
inexorable, and it is the gronnd-ston^ which is called upon to supply 
them when rain ffuls to do so. 

All of these ways of disposing of the run which falls upon the 
earth may be classed as either evaporation or stream-flow. Evapora- 
tion we make to indnde direct evaporation from the surface of tbe 
earth, or from water surfaces, and also the water taken up by v^eta- 
tioD, most of which is transpired as vapor, but a portion of which ia 
taken permanently into the organisms of the plants. Stream-flow 
includes the water which passes directly over the snr&oe to tbe 
stream, and also that which is tempoiaiily absorbed by tbe eartb to 
be slowly discharged into the streami. A portion, usually extremely 
small, passes downward into the earth and appears neither as evapora- 
tion nor as stream- flow. It is too small to be considered, and we may 
for our purposes assume that all of the rain which falls upon a given 
water-shed and does not go off as stream-flow ia evaporated, using the 
latter word in tbe broadened sense which we have above described. 

It has too oftea been assumed, in treating of stream-flow, that it is 
-directly proportional to the rain&ll. An almost continuous effort has 
been made to compute the flow of the stream for a given month aa a 
percentage of tbe run falling in that month. The Miacy of this 
method should appear with very little study. Streams will continue 
to flow for weeks and deliver large quantities of water, even if not a 
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flingle drop of rain falls. Plants continue to grow and oonBntne 
Trater for weeks after all rain has ceased. In both cases the earth 
sapplies the demand. It is a great reservoir, which is fall at the end 
of a wet season and more or less depleted at the end of a dr;^ season. 
When depleted, a large part of the rainfall mnst go to refill it and 
consequently has no direct infiaenoe upon 8tream<flow. 

The only way, therefore, in which we can compute the fiow of a 
stream from the rainfaU upon its water>sbed is to determine how 
much will be evaporated, how much can be drawn from ground- 
storage, and how mnoh will be required at any ^ven time to replenish 
the ground-water. We must consider these quantities separately, 

EVAPOKATION. 

Without long series of accurate gangings, such as are very rarely 
obtainable, it is a very difficult matter to determine what will be the 
evaporation from a given water>shed under the conditions which 
at^nally obtain in nature. We have measurements of evaporation 
from water-Burfaoes, but there is very little water-surface exposed on 
our water-sheds ; so we have measurements of the amoont taken up 
by various kinds of v^etation, but ooi areas are of a mixed character 
and it is not always possible to apportion them properly among the 
various crops. The measurements of evaporation from the ground 
come the nearest to what we need, but few of these have been made 
with neceesaiy precautions to secure exactly the same conditions which 
exist in nature. Nevertheless, theee observations are very suggestive, 
and some of the results are here reproduced. 

The following tables are copied from Mr. Fanning's valuable 
treadse on water-supply engineering : 
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EVAPORATION FBOM WATEB AT EUDBUP, DENUABK. 

Latitude, 65° 41' N.; Longitude, 1S° 34' £. from Oreeowich. 
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nEin EVAPORATION FROM -Losd anAsa, 1849 TO 1856, ikclubivk. 


Mean.. 
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UEAH RAINTAU. AT BAUZ ffTATIOH, 1848 TO 1869^ IKCLCSITK. 
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ETAPOBATION FBOM EUiTH. 
IflLiH' E7APOBAII0M FKOU HAItTH, AT BOLTOH LB MOOBS,* LAMCABHIBEk 

EKOLANS, 1844 TO 1863, iHci-TrsiTE. 
Latitode, 53° SIX N. ; Hdght aboT« sea, 320 feeL 





i 


1 


1 

1.69 


-<1 


K 

s 


1 


i- 
^ 


1 


I 


1 


i 


& 


1 


Mean 


0.64 


0.96 


2.69 


4.38 


3.64 


4.02 


3.06 


2.02 


1.28 0.81 


0.47 


26.66 


Ratio 


,290 


.444 


.739 


1.212 


2049 


1.798 


1.887 


1.481 


.946 


.599' .379 


.220 






1344 TO 1863, mcLVsavK. 
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UAN EVAFOBATIOK FHOU EABTH, AT irHTTEHATBN, OnUBERLABI^ 
ENGLAKD, 1844 TO 1863, INCLI^VE. 
Latitude, 64° SO' H.; Height above sea, 90 feeL 
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HEAK aAIMFAIi AT BAHE BTATION, 1844 TO 1858. 


Mean 


6.l| 3.4| 2.S| 2.2| 1.9{ 3.l| 4.8| 4.3J 3.l| 6.3{ 4.e| 3.8| 43& 



The next table ia a very inatraotive ooe, fnrnished hy DeBmoad 
Fitz Gerald, C.E., in a paper on "Rainfall, Flow of Streams and 
Storage " (Traneactions of the Americaii Society of Civil Engineeia, 
Vol. Xyil., No. 3). The table is partially made ap from a diagram^ 
eo that to a certain extent the figures are averages, but only when the 
obeervationB were so near to a mean as to warrant such a cotitse : 
17 
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. The Bmall raoge of the evaporation from water in the tables is 
eoj^estive. It eeems to approximate to a constant in each month. 
Of the tables of evaporation from earth, that at Whitehaven seems 
to be the better adapted to onr climate. It is more valuable for the 
■dry months than for vinter. 

The following is Risler's table of daily oonsumptiou of water for 
■different crops, quoted in an article on irrigation by W. Tweed- 
dale, C.E. (Kansas State Board of Agrionltnre Report, December 
Slst, 1889) : 

Lucemgraes from 0.184 to 0.267 

Meadow grass from 0.122 to 0.287 

Oils from 0.140 to 0.19S 

Indian corn from 0.110 to 1.670 

■aover from 0.140 to 

Tineyard from 0.035 to 0.031 

Wheat from 0.106 to 0.110 

Bye from 0.091 to 

Potatoes '. from 0.038 to 0.055 

■Oak trees from 0.03S to 0.030 

Fir trees , from 0.020 to 0.043 

From these and other observations, Mr, Tweeddale oonclades that 
from seed-time to harvest cereals will take up fifteen inches of water 
and grasses thirty-seven inches. These ooncluaions agree with prac- 
tice in irrigation, and show plainly that the demands of plant-growth 
-cannot be ignored in tradng tlte disappearance of rain. The figures 
also explain the low summer flow of streams flowing from a highly- 
cultivated water-ehed. They do not necessarily explain the effect of 
forests in regulating flow, since many water-sheds, although cleared of 
trees, are not put under cultivation but still show some change in 
-flow. The action of forests is probably lai^y to retard surface-flow 
by means of irr^ular surfaces, caused by roots/ fallen timber, absorb- 
ent mosses and leaf accumulation, thus holding the water until it can 
be tak&i into the ground. This is not mere theory ; it is based on 
observations made during many days spent in the forest, and ia 
1)dieved to almost if not fully account for the better-sustained flow of 
forest streams and their lighter flood-flows. 

Evidently, if all of onr water-shed should be covered with grain 
and heavy grasses, there would be v^ little water left for the bus- 
•tenance of stream-flow during the summer. Fortunately, a much 
«maller proportion is so covered than is usually supposed, even in 
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agricnltoral sections. Someiset coonty is a higbly-coltivated section 
of the red Eandatone plain. I have made an estimate of the pro- 
portion of the total area given to various crope, based on censn» 
figures, and the proportion of wooded area has been measured. Of 
the total area, 13 per cent, is wooded in larn^ tracts, and 7 per cent, 
has been added for scattering timber, the remainder being devoted to- 
general farming. 



PEBCEHTAOB OF ABEAS DEVOTED TO VABIOUS CBOPS IN BOHEBSET' 
OOUNTY, WITH QUAUTITY 01" WATEB BEQniBED FOB BACH. 
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3.69 



This gives a fur idea of the allowance which most be made for- 
vegetati<Hi, although it is onlj a rough approximation. To this must 
be added something for extra evaporation ^m crop areas. This- 
demand for 3.7 iwdieB of water per month may be considered practi- 
oallj a constant one for the growing- months. It is, to a large degree^ 
independent of the runfal], and, in &ot, s lu^ part of the evapora- 
tion is also independent of rainfall. 

Somerset county has been selected as a type of the larger part of 
oar red sandstone plain, viz., that part lying southwest of the glacial 
moraine which passee through Morristown, Plainfield and Perth. 
Amboy. 

As a type of our Highland and Kittatinny valley r^on, Siusex: 
county may be taken in the same way. 
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PBBCENTAOK OF AREA OEVOTED TO VABIOIIS 0B0F8 IN SITBSEX 

OO0IITT, AKD QnANTirr OF WATBB BEQDIBED FOB EACH. 
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The southern New Jereej' agricoltnral coondeB will not dilfer veiy 
materially from Somerset oomity, while the piny i^on will only call 
for aboat one inch of water per month for plant growth. The evap- 
'<H«tioii there is large, however ; moch greater than in northern New 
Jersey, as we shall see when the study of the atreams is taken np. 

It would be difficult to determine jost how mach evaporation will 
take place in addition to the water demanded by plant growth. It is 
liardly probable that it is nearly eo large as the evaporation from 
bare ground, and, for the heavier abaorbente and cloaer^growing crops, 
«ach as long graeses and clover, there is probably no additional evap- 
oration. The only practical way to fix the evaporation from different 
iypes of top<^;raphy and conntiy, under various stages of caltivatioQ, 
is by means of a series of aconiate gangiogs of typical streams and 
^DchroaooB measorements of rainfall. The above figures are not 
liere intended to be given as actual measurements of the evaporation, 
«B in no case do they apply to the actual conditions obtaining in prac- 
tice. They are of value only as indicative of what may be expected 
«nd of the distribution of evaporation by months. For actual values 
we prefer to look to stream gangings and learn what we can from 
these. If we take a series of monthly rainfall and monthly stream- 
flow, such as we have given elsewhere in full, and carefully analyze 
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them, we can deteimine what tlie evaporation will be for a given 
period. It would at first sight appear that it will be simply the dif- 
ference between the rainfall and the Btream-flow, but this error w«- 
mnet oarefnlly gaard against. It negleote entirely the water whiek 
mtLj have been stored in or drawn from the earth. If the gronnd 
contains the same amount of water at the beginimig and at the end 
of the period in question, then evaporation plus stream-fiow eqnala 
the rainfall. If the ground is full at the beginning but depleted at 
the end, then evaporation plus stream- fiow equals rain plus amount- 
drawn from storage in the ground. If the period begins with low 
gronnd-water and ends with full, then evaporation plus atream-flow^ 
plus amount stored in ground equals rainfall. I have in some oase» 
fonnd the ground capable of supplying the equivalent of over five 
inohes of rainfall to the stream. The neglect of this important fac- 
tor has often led to great confusion and false deductions. Experi- 
ence enables one to soon detect from a table of gaugiugs and oontem- 
poraneooB ndniall when gronnd-water is full and when depleted oik 
a water-shed. In deducing evaporation from gaugings I have taken- 
periods beginning and ending wfth full ground- water. 

Another matter which I may call attention to here is the evil whidi- 
results from dividing years of gauging at January 1st. Suoh a divi- 
sion introduces needlessly the uncertainties due to rainfall carried over 
in the form of snow or ice from one year to the next, and so appear^ 
ing in the next year's fiow. I find the best date at which to begin a. 
year for these porposee is December let, as osually there is no snow 
or ice and gronnd-water is fnil. 

EYAPOBA-TION DEDUCED FBOH GAUQIKQ8. 

For the preliminary stndies of this subject I have used a thirteen- 
yeai series of gauginga upon the Oroton river and a sixteen-year 
series upon the Sudbury. I consider these series the best for the pur> 
pose. They have the advantage of being upon comparatively small 
streams, which respond promptly enough to rainfall to enable us to- 
separate the rainfall and fiow quite accurately into months. Still 
they are lai^e enough to cover a considerable extent of territory and 
give a fair average result for the class of topography for which they 
are good types. I give the tables of rainfall and flow in full else- 
where. The figures below are averages from carefnily- selected periods £ 
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CrotoD Water-Sbed, Area 863.1 Square Miles. 

Ktto. Flow. Er&poiBtlOH. 

39.67 18.15 21.52 
40,40 19.36 21,04 
43.77 21.26 22.51 

45.82 22.43 28.89 

49.83 23.11 26 72 

Sudbury Water-Shed, Area 78 Square Miles. 

K^D. Flow. Erapontioii. 

30.86 11.41 19.45 

40.40 18.44 21.96 

44.68 22.63 22.16 
45.96 24.33 21.62 
47.81 25.85 21.96 
51.S0 26.99 24.81 

The years here ased are geDerally from November lat. It is 
noticeable in the case of the Crotoc that there is an increase of eyapo- 
ratioa with iDoreased rain&ll above 40 inches, bnt so far no decrease 
has been observed with decreased rainfall. We have said that the 
demands of plant growth are inexorable. They most be met. Appa- 
rently the same is tine of direct evaporation, as both these series show 
little decrease below 40 inches rainfall. Indeed, a single year on the- 
Sndbnry indicates 26 inches evaporation with only 38.18 inches rain- 
&11. This I r^ard as a somewhat doubtful exception, however. The 
other fact of no perceptible decrease of evaporation is apparently well 
eatablished by these gangings. The increase of evaporation with 
larger rainfalls than 40 inches npon the Croton is explainable by the- 
Buppoeition that snch larger rainfalls give rise to large evaporation 
from surface pools or overflowed swamps. It appears that on the^ 
Sudbnry the evaporation remains constant up to 47 inches, indicating 
a greater absorptive power for the water-shed perhaps. When evap- 
oration begins to increase npon these water- sheds, it is at about the- 
rate of one-half the snrpltis rainfall. Thus on the Croton we may 
take the evaporation for 40 inches of rain to be 22 inches. Then if 
we add one-fourth the excess of rain over 40 inches to this evapora^ 
tioB, we have the following : 
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COMPUTED AXNtFAL KVATOSATIOK OM GKOTOM 7ATEB-SHZD— IROHEi. 

EvaporaUon = 21.8 + ?5!^ 
Bain. EnponUoD. 

4aiX) 2&XI0 

^00 22Jn 

ajoo ssjOo 

49.00 24.00 

60.00 24.60 

So on the Sadbniy tliere are eridences of a similar inoreaae above 
47 i&flfaee of rainfoll annaally. The Whitehaven obeervations pre- 
Tiooaly given show an evaporation from earth of 29.21 inches for 
-43.6 inohes of rain; those at Bolton le Moors give rain 45.76, evmp- 
-oratioD 25.66, both results bdng higher than we find above for simi- 
lar runfalls, vhioh we may expect from the more open winters at 
ihose plaoee. Let oe now examine these gangings for shorter periods : 



JUBE TO BOVJMBBa— CEOtOlf WATBE-SHBD. 
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28.94 


4.81 
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28.71 
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27.80 
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18 85 



Here also we notice an increase of both evaporation and flow for 
inoreanng rainfall, and if we take the normal for 20 inches of rain- 
fall to be 17 inches evaporatioa, and add to this 25 per cent of the 
'«xoeBB of rain, we have the following : 

COHFUTRD KTAPOBATIOH— JUKE TO trOYElCBEB, OROTOM WATBB-SHED, 
Boln. EvtpontioD. 



20.0 


17.0 


22.0 


17.5 


24.0 


1SJ3 


26.0 


18.5 


28X) 


19J) 


30.0 


19.5 



These results also seem to range well with the observed qaantities. 
It may seem, at first s^ht, strange that we nse only 25 per cent, of 
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«zce88 in the aammer months and 60 per oent. for the whole year, hot 
it shonld be remembered that .this pexoentage represents evaporation 
from water on the snrfaoe in pools, i&o., and there is less water so 
«tanding during this season, as the ground rapidly absorbs the rain. 
The constant evaporation for 20 inches of rain for these six months 
is 17 inches, against 21.3 inches for 40 inches of rain daring the 
whole year, Tlie constant part of the evaporation is moch greater, 
the variable part only being less. It is noticeable that for the smaller 
rain&ll shown, evaporation decreases nearly as fast as the rainfall, 

CROTOK WATEB-BHED, DECBUBEB TO MAY. 
BalQfoll. Flow. Lobs. One-fOnrtb EtalntUL 

15.74 11.81 8.93 8.92 

19.72 14.62 5.20 4.98 

21.70 16.07 5.64 5.42 

26.18 19.03 6.15 6.29 

These figures are averages from the records of flaw, exeeptmg the 
last column, which is added in order to show how closely the observed 
evaporation for this period agrees with one-foortb of the rtunfall. 

From June to November, with 20 inches of rainfall, we have 17 
inches of evaporation ; and from December to May, with 20 inches 
of rain&ll, we have 6 inchea evaporation, or with 40 inches annual 
rain, 22 inches evaporation. We have thus divided the evaporation 
into two periods of six months each. By closer analyus I find that 
the 17 inches evaporation for the six summer and autumn months is 
'divided into 11.5 inches for June, July and August and 6 6 inches 
for September, October and November. A study of the distribution 
-of evaporation by months at White Haven, Bolton le Moors and 
Boston shows that we may divide these qaantities by months as below. 
Tor the winter months we have seen that evaporation is proportional 
to the rainfall for the whole period. It is not so important, as we 
-shall see later, to subdivide this winter and spring evaporation by 
months, excepting for the month of May. It is fair to assume, how- 
ever, that this evaporation is distributed as shown in Mr. Fitz 
-Gerald's table of evaporation at Boston, from water surface, which 
has been given heretofore. I have carefully checked the figures for 
May thus obtained and find they agree closely with the average 
results of gaugings. I am, therefore, able to conclude that the 
ADonthly evaporation in inches for 40 inches nunfall on the Crotoa 
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water-shed doeely approzimstea the following:' December, 60f 
January, 0.40; Febmary, 0.40; March, 0.70; April, 1.20; May, 
1.70; June, 3.75; July, 4.00; Angnst, 3.7S; September, 2.76; 
October, 1.76; November, 1.00— Year, 22.0 inches. These valne» 
are oloee approximations to the truth for the Croton water-shed, aa 
during these studies they have been ohecked in many ways and always- 
verified. They are in no way inconsistent with, bat, on the contrary, 
harmonize well with the tables of evaporation previoosly given. 
June, Jaly and August are pre-eminently the growing months npaa 
this area, and the trffects of the demands of v^tation are ghown in 
the heavy evaporation. 



JCHE TO NOVBHBEE— SUDBCl 


lY WATER-SHED. 


H»iii. now. 




17.89 2.85 


16.0* 


19.28 2.41 


16.82 


2S.90 4.70 


19.20 


25.78 6.20 


19.58 


2&49 6.66 


21.88 


81.00 11.86 


19.14 



The agreement between this table and the one for the same months- 
on the Croton is remarkably close. We see that for 20 inohes rain- 
fall we have the same (17 incha<) evaporation, that the evaporation 
increases rapidly np to 24 inches rainfall and then remains constant. 
Oar rule adopted in computing evaporation from rain in the Croton 
gives equally good results here, and, while not exact, is probably as- 
nearly so as we shall require and forms a convenient working rule. 

One point is well established by these Sudbury gangings which 
was only hinted at npon the Croton, viz,, evaporation decreases with 
lees rainfall than 20 inches in summer. Both streams show that for 
17.3 inches rain evaporation does not exceed 15.0 inches, showing 
thns far that evaporation is decreased 7& per cent, of the decrease of 
rainfall below 20 inches. Reducing these conclusions to the form of 
equations, we have for the summer and autumn evaporation on the 
Sudbury and Croton water- sheds: When rwn exceeds 20 inches, 
evaporation ^= 1 7 + J {rwn — 20) ; when rain ia less than 20 inches^ 
evaporation = 17 — J (20 — rain). The evaporation by months i» 
the same on the Sudbury that we found for the Croton, 
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DECEUBEK TO MAY, BDDBUSY WATERSHED. 



Sain. 


. flow. 


18.61 


12.01 


18.89 


. 14.84 


21.12 


18.00 


24.22 


19.49 


SS.85 


19.57 


27.25 


19.99 



4.15 

4.72 



Here as with the Cioton we find a tendeBoy toward percentages of 
rain and evaporation approximates to one-foarth of the rainfall. Or 
assuming evaporation for 20 inches rain&ll to be 5 inches, we ma7,^ 
for any excess of rain, add one-foarth such exoees to this evaporation^ 
or for any defidency Bubtract one-fonrth snch defioienoy to find tbe^ 
winter evaporation for a given rainfall. 

This diacnseion of the subject of evaporation is necessary to oar 
pnrpose, bat the method which I shall adopt does not require abso- 
late occnracy in determining evaporation. It needs only to be oom- 
pated oloeely enoogb to enable ns to detect the beginning and end of 
a period of depleted gronnd-water. This enables as to apply cor- 
rectly our Constanta of flow, euob as I have used in previous reports. 
These constants of flow, representing the yield from groond-storage 
independent of rainfall, are our chief reliance for accuracy in com- 
puting flow during very dry periods. 

The manner in which these constants of flow are determined ha» 
been illnstrated in my report for 1890. I can best elucidate the 
method of applying the constants of evaporation and of stream-flow 
by an actual example. I take the Hackensack river as representa- 
tive of a type of streams not heretofore dealt with. 

FLOW OF THE HA.CEENSACK BIVEB, 
CHARACTEB OF WATEB-EHED. 

The water-shed of the Hackensack above New Milfoid embracea- 
an area of 114.8 eqnare miles, 50.7 in New Jersey and 64.1 in New- 
York. About 60 per cent, of the area is forested, the remainder- 
being under cultivation. The underlying rock is red sandstone, but 
the whole is quite heavily covered with glacial drift, sand and gravels. 
The drift covering ia especially heavy in the flatter portions of the- 
-valley near the streams. 
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^ere are sereral mill-poiidB, some qaite lai^, and also quite an 
larea of Bwamp bordeiuig the Btreame. These act to r^alate the flow 
€omewbat and carry over a considerablfl flow from wet perioda into 
«ob8eqiient moDths. 

The record of rainfall at New Milford I fiod by compariaon witli 
n^hboring stations to iodioate a lighter rainfall tliaa the aven^. 
I do not believe it gives a fair indication of the average for the 
water- shed, as predpitation on the bigher portions is probably heavier. 
I have, tlierefore, combined with it a record for Tenafly, on the 
-eastern part of the water-abed, and Newark, which I find fairly 
repreaeDts the fall on the area between the valley of the Haokensaok 
«ad the high land west. I give in the table the fall record for each 
of these places and alao the average which I have used to represent 
the rainfall on the Hackenaack water-shed in tlie taUe of rain and 
liver-fiow. Id thia latter table I have redaoed the flow to inches 
vpou the water- abed : 

SAIHFILL TABLSa. 

Hontb. Neruk. Teoafl;, Nstr.UllfOrd. Average. 

1890. 

Kovembei 0.80 0.76 0.84 0.77 

December 4.08 8.38 S.21 8.55 

1891. 

January 8.71 7.88 6.86 7.65 

February 4.83 4.54 8.57 4.31 

March 4.61 8.69 4.55 4.28 ' 

April 2.11 2.28 2.28 221 

May™ 2.95 2.90 2.41 2.75 

June ~ 2.02 2.19 1.65 1.96 

July....-.- 6.73 808 2.47 4.08 

August - 4 61 3.04 2.96 8.54 

September - 2.53 2.40 2.34 242 

October - 2.54 2.40 2.15 2.86 

Year 46.47 37.99 35.07 89.87 



NoTember 2 44 2.88 2.95 2.76 

December 4.08 4.90 4 78 4.59 

JftDUary 6.68 5.86 6.03 6 84 

February 1.62 1.55 0.96 138 

March 8.54 8.84 2.26 3.21 

ApriL 2.28 1.65 1.69 1.81 

May 5.48 4.46 5.04 4.99 
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FLOW OF HA.CKEK8ACE BIVBB AT NEW HILFOBD, 

DSHFAOB ASBA, 114.8 SQUARE MILEB.. 

UoDth. SAln— Inoha. Flow— Incbe*. 

1890. 

November 0.77 2.03 

December - ^ 3.55 2.50' 

1891. 

JaDuary 7.05 S.80' 

Febniary 4.81 5.17 

March 4.28 4.38 

April _ 2.21 2.66. 

May „ _ „. 2.75 1.42 

June » „ 1.95 0.87 

July 4.08 0.72 

August « 3.64 0.63. 

September „ 2.42' 0.80 

October ^ ^ 2.36 0.56- 
Year _ S9;87r 27.02- 

1891. 

November « 2.76 0.96- 

December. „ 4.59' 1.49- 



January 5.34' 8.52 

February „ , 1.88 1.80 

March 3.21 2.60- 

April « 1.81 1.70" 

May ; 4.99 1.87 

April, 1891, to March, 189a 36,59 18.20- 



ANALYSIS OF SAUGINOB. 

The aggregate flow for the year ending October Slat, I89I, m- 
nearly 68 per cent, of run. This flow is greatly aagmeoted by heavy 
draaghts npon stored ground-water. However, asenming the evapo- 
ration to be the same that I have fotmd it to be apon the Croto» 
water-shed for 40 inchee annnal rain, we find the supply to an^ 
draught from the water-shed to have been as follows : 
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8UPPLT. 


DBACaHI. 




J 


m 


1 




4.96 
9.67 
4.78 


2.90 
11.60 
4.60 


4.08 
















19.31 


18.90 









This ehowa that at no. time afW April let was the snpply equal to 
the draught. The groond-water was kept deleted for all of this 
-period, and all of the flow, ezoepting what was due to anrfaoe-mn 
during heav7 nuns was drawn from water stored in the gronnd from 
the rain of the previoos ^ear. The flow was larger by the amount 
thus drawn than in a normal year b^inning and ending with full 
groaDd-water. 

The long series of deficient months, or those in which the flow was 
from ground-water, makes this year sji admirable one for determining 
flow from ground-storage. November, 1890, was a month of very 
light rainfall, evenly distribnted, and the flow for that month may be 
considered to have been wholly from ground-storage. It fixes the 
amount for the first dry month following full ground-water at 2.00 
inches. 

For the months beginning with April 1891, 1 allow 10 per cent, 
-of total rainfall to represent flow over surface to stream. The bal- 
ance of flow may be taken as the groond-flow of the Hackensaok. 
In this way I have computed the following table in which I have 
inoluded similar figures for the Crotoa and for southern New Jersey 
streams for ready comparison. 

DBY-UOMTH FLOW FBOM GRODHD-WATER. 







Croton, 
0,81 

0.47 
0.88 
0.25 
0.20 
0.16 
0.12 

S.S9 


Son 
New 
1 
1 






hen 




















Fifth " " 


036 


4P> 


Sixth " " 


84 


nn 










6.81 


4.70 
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Th€8e figures and an ezamination of rain and fiow Bnbeeqaently, 
«ouvitice ns that 6.31 inches of the flow for the ^ear was drawn from 
storage, and shoald be deducted from 27.02 to give the normal flow 
doe to 39.87 inches of rain, giving 21.71 inches flow. 

Again we ma^ take the year from April, 1891, to March, 1892, 
inoloBive, to have began and ended with full groond-water. This 
year and the above corrected year I here place with mmilar figures for 
the Croton, the latter being the average for the three years of nearly 
«qaal rainfall. 

RalpfaU. Flow. Peroeutage. 

Hackenaack, November-October. 89.87 21.71 54 5 

Hackeneack, April-March 86.S9 18.20 49.7 

Croton, average 89.41 19.12 48.5 

We have here indicated a strong resemblance between the two 
«treams in annnal flow taken in the a^r^ate, and this warrants the 
use of the same oonatants of evaporation for each. 

In the distribation of this flow there is a wide divergence, however. 
The table of dry-month flows shows a gronnd-flow from the Hacken- 
eack mnch lai^er than anjrthing shown by the Croton. We most 
look to the sandy water-eheds of sonthem New Jeraey for anything 
like a parallel. The heavy flrat and seocmd month flow here is 
attributable to swamp-storage and to the ready delivery of the higher 
groand-water from the thick beds of drift-gravels lying upon the 
area. The delivery is a little more rapid than from sonthern New 
Jersey streams, and consequently falls a little below those streams at 
the third to fifth month. In the later months it is apparently fully 
as well sustained. It is noticeable, also, that the aggregate available 
ground-water is greater than from the southern streams, owing io the 
readier outlet afforded by the slopes of the water-shed. 

Taking the year 1880, which was an extremely dry year upon the 
Croton, and using the constants of flow which we have determined, 
we may estimate the probable flow of the Hackensaok to have been 
as follows : 

Month. Ba nfaU. Bti^antloa. Flow. Oniiui4-wM«r. 

December to April... 19.68 11.80 Pull. 

May 1.17 1.70 2.12 FaUing. 

June 1.28 8.75 1.28 

July 565 4.00 1.24 

August 8.60 3.75 0.81 

2.69 2.76 0.63 
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Month. ii«infaii, Enporatloa. Flow. Oionnd-walei:. 

October. 8.25 1.75 0.64 RiBing. 

November. 2 97 1.00 0.63 " 

December 2.49 0.60 0.66 " 

January, 1881 4.19 0.40 0.71 Pull. 

This ia allowing 10 per oent. of rainfall for sorfaoe flow. Thi» 
point being to some extent doabtfnl, it will for the present be oo&- 
serrative to negleot it and take only the flow from ground water pre- 
viooBly given, for extreme dry-montbe. It moat be said, howeTer, 
that the gangings for I89I, are very stroogly indioatire of the aoon^ 
may of the above estimates. To be entirely safe, therefore, let ns 
asBome the flow for sach an extreme dry year as 1880 to be as follows :: 

December to April, 11.80; May, 2.00; Jane, 1.16; July, 0.68 ^ 
Aogoet, 0.46 ; Bomber, 0.36 ; October, 0.34 ; November, 0.33 ;: 
December, 0.5S ; January, 0.71. This ^vea ob a total for 14 months- 
of 18.37 inches, or say 1,26 inches per month. To atilize this we 
woald need storage equivalent to 5 inches apon the water-shed, since 
1.26 inches per month from May to January would make 11.2&' 
inches, whereas the flow for this period would be bat 6.67 inches. 
This woald indicate the poeeibili^ of collecting 16 inches annaally 
apon the Haohouaok water-shed. Oar records are so sa^eetive of 
a total annnal yield like that from the Croton, however, and it has- 
been BO clearly proven that not more than 14 inches can be collected 
there, that I consider it safer to take this as the total yield of the 
Hacken^ack, and say that with storage eqaal to 6 inches npon the 
water^shed we may collect from this water-shed 76,590,000 gallons- 
duly. 

FLOOD-FLOWe OF THB PASSAIC. 

The accompanying diagram of floods on the Pasqaio may prove- 
osefal. We shall reserve our analysis of these floods for the falK 
report. 
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Artesian Wells 

SOUTHERN NEW JERSEY. 

LEWIS WOOLMAN. 
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ARTESIAN WELLS IN SOUTHERN 
NEW JERSEY. 



BT LEWIS WOOLMAN. 



Since the preparation of the laat annual report a oonsiderable 
namher of wells have been put down in that portion of the Atlantic 
seaboard comprised within the oomparatively level r^on of southern 
New Jersey. From. many of these, through the oontinaed oourteej 
of artesian-well oontraotors, and also of property-owoeis, the writer 
has been furnished with records and spedmens. There has also been 
received informatioa reepeoting some wells that were bored previous 
to the year 1892 and that had heretofore escaped notice, and also 
additional data respecting some wells heretofore reported. 

The geological and praoUcal deductions to be drawn from the 
information obtained will now be stated. 

The wells arrange themselves ge(^;raphioall7 and geolo^oally into 
two series, first, those upon the ocean side of the State, penetrating 
Miocene strata, with which may be incladed geographically some 
wells that do not reach so low as the Miocene, and second, those upon 
the Delaware river side entering Cretaoeoos strata. 



I. WELLS IN THE SOUTHERN INTERIOR AND 
ALONG THE BEACHES. 

The wells to be noticed upon the side toward the ocean are located 
at Waretown, Great Sedge Islands, Port Bepabllc, Harrisia, Atlantic 
City, Fifields (opposite Longport), Ocean City, Mays Landing, Port 
Norris, Bivalve, Winslow, and at the following cranberry Ix^, viz , 
at Homer's and at the Atiantio Company's bogs, south of Hammon- 

(275) 
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ton ; at Bockwood's bog, north of Hamnumton ; and at Bail's hog, 
Dear Pleasant Mills. All of the above enter the Miocene. To them 
may be added a gronp of wells, not very deep, near Abeecon, which 
do not reach bo low as the Miocene. The details of the wells at each 
ocality will now be pven. 

ARTESIAN WBLUS AT ATLANTIC CITY. 

ConsumerB' Water Company, three wells, Noe. VI., VII. and VIII. 
Enickeibocker Ice Company, one well, also one test-boring. 

The wells at Atlantic City will be first aotioed, since the seotion 
there is the k^ to the sections elsewhere in Mioooene beds. At this 
place three additional wells, known as Numbers YI., VII. and VIII., 
have been bored for the Consumers' Water Company. Well No. VI. 
has a six-inch casing that reaches to the depth of about 710 feet, and 
draws from the horizon of 700 to 720 feet — ^that is, from the first 
water-jrielding sand betow the diatomaceooe bed. 

Well No. yil. has a six-inch casing to the depth of 524 feet, with 
a foor-and-one-half inch ca^ng inside this and continaed beyond. 
This well was bored to the depth of 780 feet and finished with a 
slotted pipe, plugged at the bottom so as to permit the passage of 
water between the depths of 750 and 780 feet. It flows about 160 
gallons per minnte. 

Well No. Vm. has an eight-inch oaung to &e depth of 755 feet ; 
the boring, however, was continaed beyond this to the depth of 763 
feet, at about whic^ depth a good flow of water was obtained. 

The water-yielding stratum for the two last-named wells may be 
called the 760-feet horizon. In both wells the water horiaons, pre- 
vioosly reported at 626 to 550 feet and at 700 to 720 teet, were met 
with and passed, as the company were desirous of developing still 
lower water-prodiioing sands. In proof of the identity of the water- 
supply of the wells having a depth of 525 to 550 feet, it may be 
stated that npon stopping the connection with the pumps of all except 
one and pumping from that one alone, the level of the water was low- 
ered in the others. A similar test was made with the wells having a 
depth of 700 feet with like resnlts. 

In the Annual Report for 1889 it is stated respecting well No. 1, 
and it is likewise so shown npon the accompanying lith<^raphic 
section, that the water supplying it came from a depth of about 1,120 



id by Google 



THE STATE GEOLOGIST. 277 

feet At that time this was believed to be the case hy those most 
int«rested. SoundingB recently made show, however, the real depth 
of the water horizon to be but 960 feet. In explanation it may be 
stated that the well was drilled to the depth of 1,120 feet, when work 
was sDspended for the winter, dnring which time a small flow was 
observed. On the commencement of work the ensuing spring, ihe 
■ inner fonr-and-one-holf-inoh casing was withdrawn a short distance, 
when a copiooa supply was obtained. The casing was undoubtedly 
parted, and, quite fortunately, at about 950 to 960 feet, since the 
sounding revealed the fact that solid clay had filled in the pipe below 
that depth. This supply has been well maintained ever since, the 
pnmps having drawn upwards of three hundred thousand gallons per 
twenty-four continuous hours from the well. 

A well not yet finished is also being put down at Atlantic City for 
the Knickerbocker Ice Company. It has attained the depth of about 
660 feet, but is not yet completed. It is being bored by P. H. & J, 
Conlan. The strata penetrated in this well, as also the three wells of 
the Consumers' Company, just notioed, correspond in all essential 
particalare with published details of former wells at this locality. 

Daring recent years a number of wells have been put down at 
Atlantic City to Uie depths of 66 and 75 feet. The horizon reached 
by these wells will be again referred to in cooneotion with shallow 
artesian wells near Abaecon, 



bobibbon's tsst-bobing. 

In the &1I of 1891 a test-boring was made at Atlantic City by J. 
E, Robinson, of Philadelphia, who kindly fumiBhed some data which 
have not been given in former reports. The drilling was discontinued 
in the upper portion of the Miocene strata and only a short distance 
above the diatomaoeons clays, the depth reached being about 350 feet. 
The fiutts to be stated refer to the occurrence of water at various 
depths, that reached to or flowed over the sur&ce. These depths will 
now be stated, with notes as to their relative position : 

(a) Freeh water was found at the depth of 75 feet. This oocurs 
in a gravel and coarse sand that underlies a stratum of mud or clay a 
few feet thick, from which the writer has obtained a considerable 
variety of marine diatoms. Over this again lies a gravel with large 
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stones, some of which oootfun Devooian foenls, showing that tb^ 
must have been originally derived from beds elsewhere and very mnob 
older than any in southern New Jersey. 

As noted in the rep<ai> of wells on the mainland near Abseoon 
(see top of pf^ 283), an exactly simiUr arrangement of strata waa 
there passed through, including the ocourrenoe of dmilar forms of 
marine diatoms. The microscopic study of these diatoms shows that 
they differ so much fit)m those found in the thick beds of day asso- 
ciated with the deep wella, and frequently alluded to in this and 
former reports, as to be indicative of a different geological age, and, 
as may be inferred from their position as well as their close cor- 
respondence to living diatoms, of a mnoh later f^;e. 

(b) Salt water was found at the depth of 116 feet. The marine 
character of the water, considered in connection with certain changes 
in the character and color of the next lower sands and clays, inclines 
tlie writer to the view that this depth marhs the termination of the 
recent beds and the commencement of a series of strata that have 
been referred to the Quaternary in former reports. 

Water that overflowed and was also salty or became so upon 
pumping was found at the depths of 225, 270, 276, 280, SOO, 325 
and 328 feet ; that at 300 feet waa remarked as especially irony. 

That ati226 feet ooours in strata composed of sands and clays, yel- 
lowish brown in color, some of the sands much resembling a good 
quality of brown sugar, both in color and in the size of the grains or 
grannies; very coarse gravel is, however, sometimes interbedded. 
These strata are in the Quaternary division, shown in former annual 
reports to terminate at about the depth of 265 feet. 

The water from the remainiug depths noted — that is, from 270 to 
328 feet, inclusive — ooours in sands referred in the same reports to the 
Mioocene, which sands overlie the great artesian diatomaceoos clay bed. 

It may be that some of these horizons might yield fresh water in- 
land and thus become available as a source of water>8nppty, especially 
near the ooaet, from Absecon south, and possibly along the beaches 
of Cape May county and also in the State of Delaware and the eastern 
shore of Maryland. 

Mr. Robinson also noted more or less wood from 115 feet down- 
ward, also heavy gravel at 216 feet, and coarse, black sand at 245 feet. 
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ABTlEeUM WELL, OCEAN CITY. 

. During the early part of the summer of 1892 a well was pat 
down by Uriah White for the Ocean City Water Works. Notes and 
a fall series of samples of the strata were famished by the en^eer 
in oharge of the drilling and with the consent of the oontraotor. A 
Gsrefal examination of the specimenB has been made. As noted below, 
fos^ shells were observed, while the microsoope revealed marine 
diatoms which cannot be seen without considerable magnifying power. 
Both the shells and the diatoms show the beds below the superficial 
sands to he of Miocene i^ The following is the record : 



Beacbsand, recent ahella at the base... 80 feet. 

Sand 85 " 

Sand, with thin cla^ Beams. 60 " 

Sandy day 10 " 

Fine gravel and Band, with streaks of 

clay 98 '• 

Bluish, sandy clay, solid 40 " 

Sand, with water 16 " 

Bluish, sandy clay, with small shells... 82 " 

Seam of sand, with water 6 " 

Oray sand, with small shells 29 " 

Bluish, sandy clay, diatomaceoua ...... 112 " 

Gray sand, with water. 16 " 

Bluish, sandy clay, diatomaceODS 72 " 

Brownish, sandy clay, hard, with shells 

and diatoms 65 " 

Brownish clay, with hard streaks 

described ss crosts 5 " 

Gravel and sand, with a considerable 

number and variety of small shells, 20 " 

Clayey sand 5 " 

Sand, with wood, shells and KKi^. 6 " 

Micaceous clay, no diatoms 5 " 

Sand, with wood and shells, 

iHoter at 720 feet. 45 " 

Clay, with small shells, no diatoms 20 " 



Miocene, not 
diatomaceous. 



Miocene, 
diatomaceous. 



Miocene, not 
diatomaceous. 



There is a close correepondenoe in the materials passed through in 
this well and in the wells at Atlantic City, ten and one-half miles to 
the northeast. There are, however, some slight difTerenoes in the 
character of some of the beds, These correspondences and differences 



id by Google 



280 ANNUAL RKPOET OF 

will now be noted. No lai^ gravel-stoneB were obtained in the first 
115 feet; this, however, may have been for want of eaffioient pres- 
sure of water osed, in the hydraulic m^od employed, to bring these 
to the surface. Such gravels have been found at varions depths be- 
tween 50 and 90 feet, at most localities along the beaches &om Beach 
Haven to Cape May, and in fact were found b^ween the depths of 
70 and 84 feet in an unsucoessful boring made on an island in Great 
Egg Harbor bay, at a point ^ut two miles to the northeast. 

The gravels and sands occuring next below the depth of 115 feet, 
referred to the Quaternary, at Atlantic City, and which ,end there at 
the depth of about 265 feet, terminate here at the depth of about 
278 fe^ 

The strata between 278 feet and 371 feet contain more clay than at 
Atlantic City, where the corresponding interval shows mostly sand. 

The great diatomaoeoua clay beds, heretofore demonstrated to 
occupy the section at Atlantic City from the depth of 380 feet to that 
of 680 feet, occur here between the depths of 371 and 685 feet. 
These beds are generally more sandy than at Atlantic City. In con- 
sequence of this difference, shells were washed up in more perfect 
condition than at Atlantic City, where, owing to the greater toughness 
of the olaya, the drill necessarily ground such into minOte, ooidentifi- 
able fragments. 

The existence of these beds from Waretown, N. J., to lUchmond 
and Petersburg, Ya,, beneath the comparatively level plain bordering 
the Atlantic ocean, is now known. Their average thiokneea is at 
least 300 feet. Elsewhere in this paper there is noticed a thickness at 
Great Sedge island of 225 feet, at Waretown of 200 feet, at Athutio 
City of 300 f^t, while for this well the thickness as learned &om 
careful microsOopic study of the borings is 314 feet. 

A well being bored at this writing at Beach Haven but not finished 
nor entire details yet known, shows a thickness of 250 feet. Borings 
obtained from two wells at Crisfield, Md., indicate a thickness there 
of about 400 feet, with the oocurrenoe of a streak containing the 
characteristic forms of the Miocene period at about 200 feet above 
the main bed, which there ooonpies the interval <^ 386 to 790 feet. 

As at Atlantic City, the next group of strata, occupying here the 
interval between 695 and 760 feet, becomes non-diatomaceous. 

The following water horizons of Atlantic City were found in this 
veil at different though at correspondingly-equivalent depths, thus i 
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DepthU 

Water Horiioiu. Atlftntic Ut;. Oc«ui CItT- 

Id theaaada above the diatomaceoua claya, 270 to 328 feet. 834 and 866 feet. 
In the central lands of the diatomaceoua 

cUya. 525 *' 512 and 528 " 

In the lower sands of the diatomaceouB 

clajB Not known, 685 " 

In the sands below the diatomaceoua 

clays 700to720feet. 720 " 

This well is not more than ODe-hftlf mile southeast of the line of 
strike of the strata at Atlantic City, henoe the doee oorrespondenoe. 
The drilling was proepected to 760 feet, but the water-beaiing sands 
utilized were found higher, and the well was finished with a depth of 
about 720 feet. Some small shells, both bivalves and univalves, were 
found near the lowest point att^ed, -wliioh must have very nearly 
reached to the Fema shell and clay bed that oooapies, at Atlantic 
City, the next interval of 40 feet, below which there is another wate> 
bearing horizon, irom which two wells at Atlantic City draw a copious 
supply. 

WKLL AT FIFIRIJ>'S, ON LADD'S HUHlfOOKS TS QBEAT B6Q 
HABBOB BAY, OPPOSITE LONGPOBT. 

This well was bored in 1891 to a depth of 397 feet, and was then 
abandoned. It undoubtedly entered the top of the diatomaceoua 
day bed, in which water would have be^ found had the work been 
continued, ita presence in these beds having been abundantly proved 
by the wells sunk at Atlantic City and Ocean City, both upon nearly 
the same line of strike with this, the one locality being eight miles to 
the northeast and the other but two and one-half miles to the south. 

The following carefully-kept record was furnished by Mr. Fifield : 

Beaoh sand...; 40 feet. ^ 

Mud, some shell 10 feet. 

Coarse gravel .. 



White day 2 

Coarse gravel and sand 6 

Dark clay. 4 

Coarse gravel .*. 14 

Water at S4 feet. 

Gray sand 76 

Gray sand, with wood 4 

Gray sand „„ 101 

Greenish clay 19 

Coarse sand and fine gravel 62 

Greenish-blue clay, solid 61 



Recent. 



I Miocene, the lower 
[ 25 to 60 feet, prob- 
r ably diatomaceoua. 
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Theie is a close (XHTeepondeuoe in the BaccesBioD and duraoter of 
strata tfaroaghoat, with the same as recorded for the wells at Atlantic 
City. The lower part of the first 84 feet also oorreepoads doeely 
with the records for the wells at Absecon. The resemblances may 
now be noted. 

The mod at the depth of 40 feet was noted at Atlantic City. The 
coarse gravel at 60 to 66 feet, with the interbedded 2 feet of white 
olay, occur on the mainland near the shore road, where the clay is 
need for briokmaking. The 4 feet of dark clay at 66 to 70 feet, and 
the coarse gravel below, coDtainicg water, are almost certainly the 
equivalents of the diatomaoeoos day and the water-bearing giavd 
bdow it, found in the shallow Abeeoon wells. This horizon occurs 
at Atlantic City at the depth of 76 feet or more. For farther notice 
of this diatomaoeons clay, recent, geologically, in age, see the report 
next following of the wells at Absecon. The greenish and bluish 
days irom bdow 275 feet to the base, represent the Uiooene, and one- 
half, if not all, of the lower 51 feet, desoibed as solid bloish clay, is 
undoubtedly the top of the 300 feet of Miocene diatomaceoos days 
aasodatfid with the deep wells, and which is mnch older than the 
diatomaceous stratum just noted near the surface. 



ABTESLLS WELU NEAB ABSECON. 

For many years the Atlantic City Water Company, commonly 
known as the old company, has been supplying Atlantic City with 
water brought in pipes across the meadows from a point on the main- 
land, near the shore road, and located midway between Abseoon and 
Pleassntville. The water plant at this place is snpplied from a num- 
ber of artesian wells, 24 feet deep. They are located upon a low 
piece of ground, but little above high tide. There are two receiving 
basins whose floors are about on sea levd, and whose sides are banked 
BufBdently high to keep out any inonrdons of sea-water from the 
adjacent creek or any inflow from the sorrounding surface. From 
the floom of these basina were sunk the artesian wells, which ovo^ow 
naturally into these reservoirs. There are 22 wells in one basin and 
33 in the other. 

The beds penetrated by the wells are — 
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Heavy white gravel, with foaailiferouB pebbles 9 feet. 

Bluish cUy, cootaining marine diatoms, recent species 

geolc^cally 9 " 

Coaraesand, with water 6 " 

Total depth._ 24 " 

This seotion is especially intereeting, sinoe the marine diatonu 
noted are generally of so recent an appearaace as to indicate at onoe 
to any experienced diatomiat that the olay in which they are found 
was laid down not only comparatively recently, geol<^oally, but also 
that it moat be an entirely different stratum from the great 300-fert 
diatomaoeons olay bed associated with tlie numerous deep wells in 
southern New Jersey. 

The oonclusion, furthermore, seems irresistible that the heavy 
gravel with fossUiferous pebbles must have been placed on the top of 
the clay by a working over and te-depomting of the Quaternary 
yellow gravel and sands of the higher ground to the westward. 

The author, as is noted in this report, page 287, has traced for 
three mites along the shores of the Great 'Eigg Harbor river, near 
Mays Landing, a bed of clay containing a somewhat similar assem- 
blage of diatoms, and likewise overlaid by gravels with foasiliferous 
pebbles. The dip of this olay stratum is scarcely six feet per mile. 

C. W. Coman has also furnished the Survey with specimens of 
days irom near the banks of the Maurice river, at Bnokshntem, and 
from the banks of the Cohansey river, at Bridgeton, which, on exami- 
nation under the microscope, also exhibited diatoms. 

The diatoms at these three localities were mixed marine and fivsh- 
water forms, the marine predominating ; bnt few fresh- water forms, 
however, were seen in the Absecon wells deposit. Strewn mounts of 
the diatoms from Abeecon were submitted to C. H. Kain, an ac- 
knowledged authority upon their specific forme. He writes : " The 
species are almost exclusively marine; very rarely a fresh-water form 
is seen. I can discover no species not now to be found in the mud of 
Absecon marshes. The abnndance of circular [disc] forms, however, 
suggests a foeei) deposit, although I can find no form which is now 
only found in the fossil state. I should suspect the deposit to be of 
comparatively recent formation. It greatly resembles in this respect 
the Bridgeton and Buckshotem deposits, although both of the latter 
contain a much greater proportion of fresh-water forms. The Abse- 
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COD deposit may not be any moie ancnent, but probably it was not so 
mucb within the reach of freeh-water inflaenoes." 

These facts Bn^est Bome interestiiig relations between these varionB 
deposits. Additional careful investigation, especially in the field, will 
be needed, however, before their exaot bearing npon each other can 
be fally defined. 

The wells at Atlantic City, after penetrating abont 40 feet of beach 
sands and 10 feet of mad, the probable bottom of an old diannel, 
enter a succession of gravel and day beds which the author deems 
the equivalent of these at Abeecoa, a oonclasion reached after oarefbl 
etady. 

So much of the Atlantic City section as may be needful to show its 
relation to the Ahseoon wells will now be given : 

BeoonL As«. 

BeachBftDd „ to 40feet. ) Vervreoent. 

Itfud, [braminifera and diatomn 40 " 60 " J 

Heavy gravel, foeailiferouB pebbles 60 " 58 " 1 

Clay, recent marine diatoms 68 " 63 " 

Heavy gray gravel, foMiliferous pebbles, I ■„ . 

freshwater „ 68" 72 " f "•^'"^ 

Clay, recent marine diatoms „ 72'.' 76 " 

Gray sand and gravel, water ^ 75" 86 " J 

Fine and coarse sand 86 « 106 " ] Probably also. 

Heavy gray gravel 106 " 109 " ^ „cent. 

Streaks of gray clay and sand. 109 " 116 " I 

Alternations of fine and coarse sanda and 

gravel* 116 " 266 

Host of the atrata of thii division are 

yellowish in color and contain no 

m 1 oro-organisma . 
Salt water at 116 and 225 feet. 

The similarity of the assemblage of diatoma in the days from the 
Abeeoon wdla with those noted above in days at 68 to 63 feet, and 
again at 72 to 76 feet, oonsidered in oonneotioo with the altematjons 
of gravels with fosfflliferona pebbles, suggests an identity of strata at 
the two localities. 

The water at the water-works plant at Abeeoon ia fresh and whole- 
some, as proved by its long use at Atlantic City. Its original source 
where it enters the sand that dips beneath this reoent diatomaoeooa 
day bed is probably not very distant This water horizon, however, 
under the beadies has not been oonsidered satas&otray, and it or some 
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horizoDB very oloady related to it have been tried at a number of 
points between Atlantic City and Cape May. It was met with in 
Fifield'a boring (see page 281) at the depth of 84 feet, associated with 
a dmilar sncceeuon of beds as at Atlantic City. In the absence of 
specimens of the clays, however, the presence of diatoms, which most 
likely ooonrred tliere, cannot be positively asserted. 

Fresh-water springs, long known and used by boatmen for filling 
their casks, ooour at Tftrions points in the maishea between the beaches 
and the mainland. One snob may be noted on Barrel island, in the 
bay near Beach Haven, and another, until recently, on Peters' beach, 
near Atlantic City. The storms, however, have washed away a large 
portion of this beach and buried this sprii^ beneath the waters of 
the inlet. These springs are probably fed from this Abeeoon artesian 



The writer is inclined to class as of the same geological age with 
these leoent diatom beds the gravels and sands below them to the 
depth, at Atlantic City, of about 116 feet, at which point be would 
place the dividing line between these and the underlying Qoatemary 
sands, clays and gravels, fw these reasons : (1) The beds change from 
a generally gray cast to a prevailing yellowish hae ; (2) the water 
from the gray beds at Atlantic City is fresh, while that from the 
yellow beds is salt. 

ABTESIAJT WELL AT PORT BBPUBLIC. 

During the spring of 1892, a two-and-one-half-inch well was bored 
for Capt E. W. French, at Fort Kepublio. No continuous record 
was kept nor any specimens of the borings saved. Water was 
obtained and cased off at a depth of 114 feet, at the bottom of what 
is described as a black sand, 33 feet in thickness. Further down 
near the bottom a bluish clay, 13 feet thick, was passed tkiongh, 
beneath which, in a bed of coarse gravel, a flow of " soft, pure water " 
was obtained at the depth of 151 feet. The blue clay undoubtedly 
represents the diatomaoeous day bed. 

The water horizon at 161 feet is the probable equivalent of that 
which occurs in the upper part of the miocene diatomaoeous day bed 
at Atlantic City at the depth of 406 feet. The water at 114 feet ma^ 
possibly bdong in the sands above the diatom clays and repreeent 
the lower portion of the groap of water horizons there, one of whidt 
occurs at the depth of 328 feet at Atlantic City. 
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ABTEBIAN WELU AT POBT NOBBIS ASD BIVALTE. 

In past sonual reporte notioeB have appeared of two wells near 
Fort Norris with depths of about 200 feet and one well in the town 
with a depth of 78 feet. On a personal visit to the region, another 
flowing well was also foand in the town, with a depth of bat 37 feet. 
The two deep weHs are located upon either side of Maurice river, 
about one mile below the town, the locality being now called Bivalve. 
The ground is scarcely elevat«d above high ^de. The two more 
shallow wells in the town of Port Norris proper are upon ground 
about eight feet above tide. A few years since the writer obtained 
some of the borings from the bottom of one of the deep wells and 
found therein marine diatoms that showed that the artesian diatoma- 
ceouB clays had been entered. Consistently with a dip of 25 feet per 
mile, the horizon here represented must be the equivalent of that in 
the tipper part of the diatomaoeous clay and fonnd at Atlantic City 
at 406 and 430 feet. 

CoDsistently also with the same amonnt of dip the wells of 37 and 
78 feet depth would represent the group of water-bearing sands in 
miooene strata next above the diatomaoeous olays, and found in borings 
at Atlantic City at several points between 270 and 328 feet. 

Until, however, we have more knowledge of certain recent deposits 
lately found near the surface and bordering the Atlantic ocean, and 
also along the banks of the Great £^ Harbor, the Maurice and the 
Cohansey rivers, it may be well to withhold a too positive refereuce 
of the exact horizons reached by the shallow arteeians at this point. 

ABTBSIAN WXLL AT MAYS LAlTDINa. 

During the summer of 1892, an artesian well of six inches diameter 
was drilled at Mays landing by the Mays landing Water Power 
Company, under the direction of Superintendent J. W. Wells, who 
courteously notified the writer of the commencement of the work and 
famished specimens taken at frequent intervals. The well reached 
a depth of 176 feet and has a flow of 26 gallons per minute. The 
temperature is 56°. 

Two wells of two and one-half inches diameter had been previously 
put down by the same company. These are noted in the Annual 
Reports for 1884 and 1885, in which it is stated that one well has a 
depth of 130 feet and flows fonr gallons per minute, and the other a 
depth of 160 feet and flows seven gallons per minute. 
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All the wells are ritaated apon a level Btrip of groimd bordeiiDg 
the Great 'Egg Harbor river, the elevation beug ahoDt eight feet 
above tide. 

OdIj a very short distance from the looation of the wells the ground 
rises about seven feet higher. Had the wells been sunk upon this 
higher ground, there would first have been enooantered about two 
feet of 7eUow gravel and under this five feet of yellowish-white 0U7. 
Both these strata have been carried away from the strip nearer the 
river by erosion, and are therefore missing from the well reoord. The 
yellowiah-white day was traced along the shores of Lenape lake, the 
euphonious name of the water-power there, from an elenttion of 18 
feet at a point two miles north of Maya Landing to a point at tide- 
water level one mile aoath at High Bank landing, thoa indicating a 
dip of soaroely six ftet per mile. Miorosoopio examination was made 
of samples of this clay taken at a numbo' of points along this distance 
and on both banks of the river, and every specimen was found to 
contain a mixture of marine and fresh-water diatoms, the marine 
preponderating, The general assemblage of speoies of the diatoms 
shows snoh a marked difference from the assembl^e of such forms in 
tiie great 300-feet miooeM diatomaceoos bed, associated with the deep 
artesian water horizons, as to indicate an entirely difierent geol<^oal 
age, and, as may be inferred from their position, a much later one. 
This bed is referred to in oonneotion with the report npon wells near 
Abseoon (see page 283). 

The section at these wells is as follows : 

Yellow gravel........... v-lOn higher ground, 

Yellowiih-white clay, recent -pecies ^ g^J^^^, ^^ ^^^ ^^j, 

of diatoms J 

Gray sand, granular at 22 feet. 

Gray sand, finer to 64 " 64 feet. 

Bluish-gray clayey sand, considerable 

wood, well preserved 18 " 72 " 

Bluish clay, diatomaceous 26 " 98 " 

Clayey aand, diatomaceous 14 " 112 " 

Sand, btuieh when wet 4 " 116 " 

Alternations ofsand and diatomaceous clay 9 " 125 " 

Sand, water 7 " 182 " 

Sandy clay, diatomaceoua 10 " 142 " 

Bluish clay, diatomaceoua 7 " 149 " 

Sand, VKUer „ 2 " 151 " 

AlternationsofHandanddiatomaceousclay 14 " 166 " 

Blue clay, richly diatomaceous 7 " 172 " 

Sand, water- bearing'. - 4 " 176 " 



Beoent. 
Miocene. (?) 
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All the clays below 100 feet oontain diatoms cbaracteristio of the 
miooene clays, and, as already noted, quite distinguiBhable from those 
in the snrface hed ahove described. 

The water horizon of these wells, 130 to 176 feet, ib identical with 
that at Weymouth at the depth of 40 feet. The distance between 
the two plaoes is five miles and their relative position nearly directly 
across the lines of strike. This water-bearing stratum is also the 
equivalent of that in the oentral portion of the diatomaoeous days at 
the depth, at Atlantic City, of 526 feet. 



ABTE8IAN WBIX AT HABBI8IA, FOKMSBLT CJlLLED 
HARBIBVUXE. 

This well, bored in 1S66, was noted in the Annual Reports for 
1879, 1882 and 1885, but only a general statement was made as to 
the nature of the strata passed through. In the year 1891, the 
writer teamed that Mahlon Broon, employed at the time at the paper 
mills adjacent, and who assisted in the work of boring, had made &, 
record, which he still kept. A letter addressed to him brought a 
reply with a copy of the record. It is as follows — on the right is 
noted the author's geological interpretation and oorrelafdon of the 
beds with those at Atlantic City. The words bracketed are iotro- 
duoed by the author : 



Sur&cesand to.... „ 

Sand like that in the creek.... 8 feet. 

Blue mud, 18 " 

Clay, with metal [probably 

iron pyritea] 10 " 

Marly mud 16 " 

Strata vith old wood 7 " 

Mud and shells 15 " 

Hard rock [probably sandy 

clay cemented] 50 " 

Sand and boiling Bpring-water, 86 " 

Dark, slushy sand 14 " 

Yellow sand 16 " 

Coarse red sand 46 " 

Dark sand 12 " 

White clay 18 " 

Creen marl, trony wafer 87 " 

Slate stone {7) _ 8 " 



77 & 



■ r. 



bsb^n 



probably recent 



r Miocene dlatomaoaoui olara, 



' This dlTWon Includes, prob- 

ftbl;, the beie of the diatoms- 

I ceom da;!, togettier tritb tbe 

L undedjtiiB non-dlUoniBoeonl 

f c1a;i and the water-jlelding 

} lande next below, the eqnlTi^ 

]ent of those at 700 to 720 ftet 

atAtUntloCitT. 

Thli dlvliloD probeblv cone- 

Sondi with beda at Atlantie 
C7, named In order, tbos: 
FenwmarL 
Brown tanda. 
Chocolate clajr. 
Qreen marl.— SbJloh bed. 
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The aoDoal reports before noted atat« tliat the water obtained was 
'' strongly impr^;Dated with iron." The well is certainly a strong 
mineral spring and is still flowing. It draws its supply from withio 
a marl or a marly-olay stratum. 

A oarefol oomparison of the record with that of the well at 
Winslow as given in the Geology of Kew Jersey, 1868, and some- 
what more minntely by Prof. G. H. Cook in the Annual Report for 
1866, convinces the writer that there is oon»derabIe similarity in the 
two, and that had the drilling been continued through the marl or 
marly clay to an additional distance of from 76 to 100 feet, there 
would have been foand the same excellent water stratum that supplies- 
the deep well (335 feet) at Winslow, and which is probably the' 
equivalent of that at 960 feet beneath Atlantic City. 

It is also inteieetiDg to note that the water shown by the above 
record to have been passed at 196 feet ignea closely with the state- 
ment made by the owner, B,. C. Harris, as recorded in the annual 
reports before mentioned, that further on than 180 feet "a gravelly 
bed was found and water suddenly spouted ap, reaching to the top of 
the tubing, eight feet above the ground," Thie depth, 196' feet, also 
closely agrees with the calculated depth at this point, 188 feet, for the 
oocnrreDoe of the 700- feet Atlantic City water horizon, said ealcnla- 
tion bung based upon a dip of 25 feet per mile. 

A personal interview was recently had with Mahlon Bfoon, when 
he stated that the well, eight inches in diameter, was bored with &a 
anger by means of horse-power, and that the core was brought out 
quite solid and entire by the apparatus used. In conseqnenoe, fossil 
shells quite laige and perfect were obtained. Among' these he 
described oyster shells six to eight inches long and as broad aa one's 
hand, evidently a ponderous oyster of past ^;es. It is to be regretted 
that none of these oyster or other shells are now to be had, as they 
would most likely «d in positive determination of the exact beds 
passed through. The various sections of iron casing placed in the 
well were joined by introdudng the adjacent ends of each section into 
a heated iron band or oollar, which, on cooling, firmly elasped them 
together — a contrast to the present method^ in which the joints ar& 
made by screwing the end of one section mto a eollar upon the upper 
end of the last one placed in the well. 
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ABTESIAJ! WELL AT aBBA.T SEDGE ISLAND, IN BABNBOA.T BA.Y^ 
jmXR TO AND TStOXTB OF BABN&QAT INLET. 
Property of L. W. Wanior. 
In the earl^ port of 1892 a well wae pat down by Uriah White on 
the above>named bland. VI. W. Warner, son of the owner, watched 
the boring with interest, and on the completion of the work ooarteonsly 
forwarded the following oolnmnar section and record, wisely writing 
that " it might prove usefbl for others who intend sinkiiig wells, as 
well as aid in making oompntations relative to dip." Snbeeqaently 
the writer visited the well, obtained specimens of the olaya from 
▼ariooB depths, and, on examining these ander the mioroeoope, fonnd 
marine diatoms characteristic of the miocene diatomaceous days here- 
tofore reported from welb at Atlantic City and at numerons other 
plaoee in sonthem New Jersey, Aa the resnlt of this visit and of 
personal inquiry npon the spot, the conclneion was reached that moet 
of the days from the depth of 36 feet downward contained diatoms. 
Hence, it seems probable that there is here represented at least 225 
feet of the diatomaceons day bed. 

OOLUHNAB BEOnOK OF ABTESUN WELL AT OBBAT BBDOE ISLAHO, NEAR BARKE- 
OAT INLET, IN BAENEQAT BAY, N. J., FEOPERTY OF L. W. WABNBB, ESQ. 

Sedge I. 2 feeL 

Blue mud 3 " 

White sand 15 " 

Hard cruet, white sand 1 " 

White sand, with small sea-clam shells, excellently 

preserved „ 16 " 

86 " 

Sand and marly clay. 4 " 

Harly green clay, very tough, with gravel, size of peas.. S " 

Green marl or clay, with small sheila, sea clam 5 " 

White sand „ 7 " 

Ginger- colored clay and bits rotten wood ^ 1 " 



Gray clay 19 

77 

Green day 8 

Gray and black sand _ 10 

Gray clay and rotten wood 4 

Chocolate-colored clay. « 6 

100 
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Ony and black Band 20feet. 

Brown and gcay clay, smalt qaartz imbedded, tians- 

parent 80 " 

150 " 

£ard crust, vhite sand 1 " 

Wbite sand, coarse gravel and rotten wood (water, at 

167 feet 10 inches, 1 gallon per minute) 9 " 

Fine white sand and many specks like mica 10 " 

^ne white sand and many specks like mica (water, 2 

gallonB per minute), - »» 6 " 

175 " 
3'ine white and gray sand and many specks like mioa, 

also quartz 6 " 

Black mud, white and black sand, mica, vermilion 

sand ~ 8 " 

Fine and coarse white and black sand, mica 8 '' 

.Fine and coarse white and black sand, mica and bite 

wood » 4 " 

200 " 
^ne white and black sand and very coarse white 

quartz 2S " 

Coarse red and white sand and fine gravel 3 " 

Fine gravel and fine and coarse sand, bits wood 16 " 

"Oray clay, tough 1 " 

Coarse sand and fine gravel (water, 2 gallons per 

minute) - -..- 7 " 

252 " 
<^ray, clayey marl, medium gravel and quarla and 

rotten stone, brown S " 

Srownish-gray clay and bits rotten wood 10 " 

Tine and coarse sand, some like opals ; biU wood 10 " 

280 " 

Hard, sandy, brown clay » 10 " 

IHard, muddy, brown clay « 3 " 

298 " 

Coarse and fine white and gray sand, some mica. 27 " 

320 " 
(Water, 10 gallons per minute. Bottom of 4i-iDch 
pipe is 300 feet down ; screen point is 20 feet below 
that) 

Above notes by W. M, Warner. 
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The small flovs of water noted at 157 feet and 176 feet seem to- 
represent ihe horizon of 626 feet to 660 feet at Athutio City, since a- 
oalouhLtion based upon a dip of 26 feet per mile would place it here* 
at the depth of 160 to 176 feet. Thia horizon is the central one of 
the diatomaceous clay bed. The other small flow at 262 feet probably 
r^resents some water-bearing sands in the lower part of the aame^ 
clay bed — an horizon not so far reported from Atlantic City, but 
noticed at Ooean City, and believed to be stratigraphically the same- 
as the sands supplying the wells at Pleasant Mills, N. J. 

The water horizon (300 to 320 feet) atilized by this well ia the- 
equiyalent of that at the depth of 700 feet at Atlantic City, being the 
first water-bearing sands fairly below and oat of the diatomaceou» 
clay. 

As noted by M. W. Warner apon the section, the flow is ten gallons^ 
per minnte. In a letter he states that the " well, on pumping, sup- 
plied one hundred gallons per minnte steadily for over an hour and 
still did not lower in the pipe;" also that "the temperature is b6°.'^ 
He further states that a log one foot in diameter was drilled through, 
at the depth of 270 feet and that "the water will rise above the level- 
of the bay nine feet." 

Some months later he informs that "a marked increase in the floiP 
is noticed 24 to 36 hours after heavy rains," an interesting fact. 

Two complete analyses were made of the water by competent 
chemists, one early after the completion of the well and the other 
quite recently, or about one year later. They correspond with each 
other quite closely as to the natnre and relative proportion of the 
ingredients, but the first showed nearly double the quantity of mineral- 
matter per gallon, the amonuts respectively bang 8,694 grains and 
4.633 grains per U. 8. gallon. The later analysis was made by Dr. 
Henry Leflmann, a sanitary expert, who furnishes a copy as follows^ 

Calcium carbonate 937 gr&ins. 

Bilica 1.624 " 

Potassium sulphate 691 " 

Sodium sulphate 274 '' 

Sodium chloride 466 " 

Sodium carbonate .266 " 

Magnesium 207 " 

Iron 168 " 

Total to U. 8. gallon 4.6S3 "■ 
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Kitrc^ii BS nitritM Hone. 

lTitr(^a aa nitrateB Trace. 

Nitrogen as ammoniuai 0.0006 grains. 

Nitrogen as permanganates 0.0084 " 

It ahoald be added that Br. Lefimann recommends the water for 
domestic lue and that the owners are delighted with it. The increased 
parity of the water with time is interesting. The change ia said to 
he notjoeable to the taste of those using it. Dr. Leffmann verified 
liis work by obtaining a second sample and making additional teets, 
which only proved the first. 



ABTESIAH WELL AT WABETOWN. 

In the year 1891 a foar-inch artesian well was bored at Waretown, 
TS. J. The depth reached was 2S0 feet, and a flow of abont 20 gal- 
lons per minate was obtained. The well is located on a gravel bank 
facing Bam^at bay, the elevation being not greater than 10 feet. 

A generalised description of the strata was famished by Capt J. 
W. Birdsall ; it is as follows : 

Gravel and sand 10 feet. 10 feet. 

Brownish clajr 20 " 80 " 

Blue clay 40 " 70 " 

Alteraations of black mud and black 

sand, changing near the bottom to 

gravel and white sand 210 " S80 " 

At the depth of 70 feet there was a small flow of water that rose 
six or eight feet above the snrface. At 137 feet there was another 
small flow which rose but two feet above the sur&ce. 

Specimens of olays still remaining aronnd the month of the well 
were collected early in the summer of 1892 and found on microscopic 
-examination to contain the forms of diatoms characteristic of the 300- 
feet diatomaceous olay bed of the Miocene period. This bed is prob- 
ably entered at the depth of 10 feet, and certainly at that of 30 feet ; 
allowing 26 feet at the bottom of the well to represent the non- 
-diatomaceoas clay stratum fonnd beneath the diatom bed at Atlantic 
City, there would be left as the thickness of the diatomaoeous clays 
at this locality upwards of 200 feet. 

This is the most northerly point to which this bed has so far been 
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positively proven. It may, however, be expected farther north along- 
the coast; in fact the lowet half of the bed was probably passed 
throDgh at Berkeley Arms. 

The water horizon need is identical, stratigraphically, with that at 
Great Sedge island and the equivalent of that at the depth of 700 
feet at Atlantic City. 



ABTESIAJf WBLL A,T VIIIIEI.AND. 

A well of foor inchea diameter was completed during the winter of 
1889-90 for Kimball, Prince & Co., at Yinelaod, N. J., to obtain 
water for nse in the boilers at their saah and planing mill. Its depth 
is 205 feet below the sorfaoe, which has an elevation of about 105- 
feet. The amount of water obtained is 1,200 gallons an honr. A 
record of the Uiickness of the varions beds enoonntered was not kept,, 
beoanse the value of such data was not known to those fioanoially 
interested. Fortunately, however, a few spedmene that bad attracted 
attention had been laid aside. A set of these was cheerfully furnished 
by W. V. Prince, with informatioD as to the depth from which eacb 



DSBCBIPnOB OF BFXCIHEMS. 

Black clay 52 or 67 feet. 

White and blue clay in layers and containing 

conuderable wood 116 to 126 " 

OreeDieh clay, from the base of the hed at 197 " 

Brownish and reddish-brown eand, in which 

water is found. to 205 " 

The water risee to within 17} feet of the surface, or eiz inohe» 
lower than the surface-waters rise. As there are no artesian wella- 
in southern New Jersey in which the water rises so high above 
sea-level, it seems scarcely possible that this well draws from between 
Miocene strata. No micro-oi^anisms conld be found in any of the- 
earths except in the sand from the bottom, where a few sponge 
spicules were observed, which may indicate that the deposits there- 
were mixed with some Miocene strata, worked over and re>depoeited. 
The upturned edges of the Miocene cannot, however, be much deepec 
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AKTESIABT WBLU AT ATLiMTIC COMPASY'S CBABBEBBY BOGS, 
TWO HILES NOBTH OF WEYVOIITH. 

Elevation, 40 feet. 

Two wells, depths 40 and 45 feet. Water rose within 10 feet of 
the surface. 

White clay , 6 feet. 6 feet. 

Iron cruat S " 14 " 

Dialomaceous aaadf cUy « 31 " 45 " 

These wella were sonnded and the diatomaoeous * oharaoter of the 
day as above noted proved under the microscope. The water-bearing 
stratum reached is the same as that supplying the wells at Wejmoutb, 
and the equivalent of the 626 feet horizon at Atlantic City. These 
wella ate now filled np. They were bored in the hope of obtaining 
an overflow of water with which to annually cover the cranberry 
vines, as is the UBual cnstflm. The elevation of the aor&oe being too 
great this expectation was not realized. 



ABTEBIAB WELLS, HOBNER S BOO, POUB MILES NOBTH OF 
WBYMOtJTH. 

Elevation, 60 feet. 

There were two wells bored at this locality some years since, the 
depth reached by each being respectively 96 and 106 feet. The one 
having the greater depth was not only deeper by measurement but was 
more than correspondingly deeper stratigraphically. Its record, fur- 
nished by the superintendent of the bog, Aaron Carney, is as follows : 

White aand 4 feet. 4 feet 

Yellow hardpan 2 " 6 " 

White clay 6 " 12 " 

Quicksand and gravel 65 " 77 " 

Blue clay and pebbles.. 18 " 95 " 

White gravel 11 " 106 " 

• The diatoma were covered wilh a jellow metallic coating of iron pyrites. 
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The Miocene strata were probably entered at aboat the depth of 
twelve feet. The bine clay noted was almost certainly diatomaoeooa. 
No specimens, however, were obtainable by which this fact oonld be 
absolntely proven. 

In the white gravel at the bottom water was foond, which rose to 
within abont two feet of the sorfaoe. A ditch was therefore made, 
flome three feet deep, which led to the lower gronnd of the adjacent 
cranberry b(^. The water then overflowed and passed ofF throngh 
this channel for thirteen days, when the well became filled ap, and 
has been permitted to remain so ever since. 

Taking into consideration the elevation of the ground, the depth of 
the well, the strike of the beds underlying southern New JerEey, and 
the dip of 25 feet per mile as everywhere noted for these Miocene 
wells, the water horizon reached must be that of the Pleasant Mills 
wells, and which ooonrs in the lower part of the 300-feet diatomaceona 
day bed — an horizon not as yet reported at Atlantic City, bnt probably 
the same as one passed in a boring at Ocean City at the depth of 685 
Ceet. 

ABTESIA2? WELL, BABGE's ORANB&BBT BOQ, FEAB 
FLEASAKT HILI£, 

Elevation, 20 feet. 

A well was sunk a number of years since abont one-half mile west 
of Pleasant Mills, in Bai^s cranberry bogs. It reached a depth of 
201 feet, but was not deemed successful, as it did not overflow. It 
has filled up since, probably because not finished properly. A flow 
of water has been reported aa having been passed at about the depth 
■of 57 feet This was probably the Pleasant Mills water stratum, 
which belongs in the lower part of the 300 feet of diatomaceous 
clays. 

Judging from the dip of the Miocene strata to which the diatom 
and associated beds belong, the dip being r^arded at about 25 feet 
per mile, the boring must have closely reached the 760-feet horizon 
of Atlantic City. This conclusion is corroborated by a microscopic 
-ezaminatiou of the sande and a few clay lumps from the bottom of 
the well, which were found still remaining around its mouth and 
which oontained no diatoms, showing that the diatom beds had been 
-entirely passed through. The Atlantic C^ty water horizon of 700 
feet was also probably passed in this well.v 
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ABTBBIAll WELL, BOOKITOOD'S BOO, FITS AMD ONE-HALF 
HILSS NOBTHWXST OF PLEABADT MILI£. 

Elevation, 45 feet. 

This well is noted in the aimnal report for 1885. It is there stated 
"that it " was sank to the depth of 158 feet through beds of sandy 
«la7 and sand hot no sstisiaotory sapply of water was got." C. G. 
Bockwood has reoently famished the following memoranda preserTed 
hj him: 

Different kiado of sand.. 18 feet. 13 feet. \ 

Sand - 8 " 21 " t Becent. 

-Sand and clay, milky water 9 " 80 " ) 

Quicksand 18 " 48 " 1 

Quicksand and clay 9 " 67 " | 

Black day... 9 " 66 

(A) Coane gravel, full of iron S2 " 98 

JSud or muck 17 " 115 

<B) Sand, gravel and more iron 43 " 168 

Soring discontinued, 

Watar described as very irony occurs in the gravels marked A and B. 

The location is west of the line where the base of the Miocene 
-diatomaoeotu olays probably risee to sea-level ; these olays are, there- 
'fbre, moat likely wanting in this well, Miocene strata belonging 
'beneath the diatom bed wonld, however, seem to be reached at the 
-depth of abont 30 feet. The lower portions of this well most have 
■entered the top of the days and marls met with at 844 feet, at Atlantio 
■CSty. These are the same nnsatia&ctory beds in which tlte boring at 
iKmisia was discontinued. The distance southeastward to Uie line of 
fitrike of the latter well is seven milee. Had tlie drilliog of the wells 
«t both these localities been continued, there would probably have 
been found the ezoellent water horizon opened many years since at 
Winslow by the first deep-bored welt in sontliem New Jersey, the 
depth ttiere being 335 feet from the surface, or equal to 216 feet below 
«ea-leve]. This Winslow (335 feet) horizon is the probable equiva- 
lent of that at 950 feet beneath Atlantic City, 
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ABTEBIAN WELia iT WINSLOW. 



. During tlie year 1892 two wells were bored bj Leach Bros, at- 
Winalow, one at the hotel, to the depth of 145 feet, and the odier for- 
Geo. Coohran, to the depth of 136 feet. The snrfaoe is elevated here- 
about 130 feet. The record, whioh aDswers for either well, waa- 
hindly faroished by the contractors, and is as follows : 

Sarface soil 2 feet. 

Pine clay. 10 " 12 feet. 

Fine Band „ 18 " 80 

Yellow clay 8 " 38 

Sand 7 " 45 

Sand, with water..... - 80 " 125 

Black clay, Miocene 10 " 186 

Blue aand, Miocene 8 " 138 

Blue clay, Miocene 8 " 141 

Bed gravel, Miocene 4 " 145 

Water rises within 40 feet of the sarface. The black and bla»- 
claya and sands near the base probably belong to the Bliocene strata. 
The water horizon is probably the equivalent of that at 760 feet at 
Atlantic City. 

The first well bored in the southern part of the Stafe was put 
down at Winalow about the year 1853. It reached a depth of 335- 
feet, as shown by columnar section published in the Geolc^y of New 
Jersey for 1868, and opened a lower water atratnni, which is prob- 
ably the equivalent of that at 960 ieet at Atlantic City. 

Thus, besides the water noted on the aooompauying reocad in tha- 
80 feet of sand next below the depth of 45 feet, there are now knows 
to be two other soaroes for this region, one below certain black and- 
biniah Miocene clays at a depth of 140 to 150 feet, as shown by the 
above record, and whioh days are noted in the columnar section, pi^ 
292, Geology c^ New Jersey, 1868; the other at the depth of 335- 
feet, also shown in the oolnmnar section just referred to. 

SUHMABY. 

The sinking of the varioos wells within the area south of Berkeley 
Anus and Waretown, and east and SDutheaet of Winslow, has tbns- 
far revealed the existence in the underlying Miocene strata of aeveib 
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more or lees well-marked deep-water horizons and also of a few oUier»- 
higher stratigraphioally but not so well marked, at least at Atlantio- 
Gity, where their oooarrenoe was first learned. These latter were- 
found in sands that belong probably to the same age, and are men- 
tioned becanse of their beariog upon the geologioal strnctare. 

la a number of former annual reports a dip of about 25 feet per- 
mile has beeu indicated for the Miocene beds in which these wells- 
occnr. Careful study of the data heretofore known, in conneotioa 
with the additional information since obtained, confirms this estimate.. 
Calculations based upon this amount of dip and upon the depth of 
each well and the distance apart of parallel northeast and southwest 
lines of strike drawn through each locality, show that each well 
draws firom some one of the horizons noted. In fact, the more th&- 
well records were studied, and the specimens of borings and the de- 
floription of strata at different points compared, the more did a dip of 
about 25 feet seem to harmonize therewith. On, however, drawing a. 
vertical crosB-section with this amount of descent, a few minor dis* 
orepancies showed themselves; these, it was seen, would disappear- 
with a very slight increase in the inclination of the beds. Another 
section with a dip of 25^ feet per mile was then constructed and- 
found to completely harmonize all the facta connected with the various 
wells. This section was drawn along a line from the neighborhood 
of Winslow to Atlantic City and Ocean City, on a horizontal scale of 
one mile to the inch, and a vertical scale of 100 feet to the inch. 
The plat« map which a«»mpanie8 this report shows the location ap- 
[nvximately, as also the several well localities referred to in this notice- 
of artesian wells. 

The order and stratigraphical position of the seven marked horizans- 
will now be noted. All but one have been found at Atlantic City. 
Only four, however, those the most decided, have beeu developed and 
used ai. that place, bat all famish water to wells at one or more- 
localities. 

The first of these deep-water horizons was found at Atlantic Oity^ 
at the depth of 328 feet, in sands overlying the 300 feet of diatoma- 
ceous clay. It may, however, be viewed as a group, since Kobinson's- 
test-boring revealed several between it and 270 feet, all of them in 
the same sands. 

The second horizon, which may also be viewed as a group, was- 
ifpemd at Atlantic City at the depths of 406 and 430 feet. Thi» 
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^horizon oooapies tbin bukI seantB in the upper part of the diatomaoeoos 

Both the above horizons, when first opened at Atlantic City and 
allowed their natnial Hov, yielded fresh water, bat, upon being forced 
"by pumping, both became salty. It seems quite possible that, skirting 
the border of the mainland, both may be made available as sonices 
of water-supply. Two shallow wells at Fort Norris may possibly 
-<lTaw from tiie 328-feet groap. One well, that at Fort Eepablio, 
probat)ly draws from the 406-feet stratum of the seoond horizon. 

The third horizon oocors at Atlantic City at the depth of 626 to 
-660 feet From personal observation of the various borings made at 
(his place, this interval may be stated to be occupied by thin sand 
seams interbedded between sandy clays. It is in the middle of the 
SOO feet of diatomaceous clays. This horizon snppUee weils at the 
following places, viz., at Atlantic Company's bog, Weymoath, Barne- 
^t Landing, Mays Landing, Harvey Cedars, also two wells at Beach 
Haven, having a depth of about 425 feet, and one well at South 
JBeach Haven, depth 436 feet. It has been met with but cased off at 
Waretown, Great Sedge islands and Seven islands, the wells being 
•ccmtinued to a lower water-yielding sand. 

The fourth horizon has not been reported at Atlantic City. It 
■occurs in the lower part of the diatomaceooB clay bed. It famishes 
A groap of 14 wella at Pleasant Mills, and was also opened by a well 
4it Homer's cranberry bog, south of Hammoaton ; the latter well not 
having been properly finished has filled up. 

The fifth horizon is found in a gravel and coarse sand, at a depth 
-of 700 to '720 feet, at Atlantic City. It is quite below the diatoma- 
ceous clays, beiug immediately under abont 25 feet of a hard, brown- 
ish non> diatomaceous clay that intervenes, at least at Atlantic City, 
^between it and the diatomaceous clays. This horizon supplies the 
wells at Millville, Waretown, Great Sedge islands and Ocean City. 

As this paper is being prepared, information has been received that 
■a. well has been recently sunk at Beach Haven to a depth of 576 feet. 
This must also draw from this horizon. Beoords and specimens of 
the borings are promised by the contractor, Uriah White. Until 
these arrive and are studied further details cannot be given. 

The sixth horizon is reached at Atlantic City, at the depth of 760 
feet. Between the horizon last described and this one are abont 40 
(feet of dark' greenish and bluiah clays and shell marls. The borings 



id by Google 



THE STATE GEOLOGIST. 30t 

at Atiantic City for this interval exhibit a considerable number of 
shellB, among them a pema,* of a species especially charaoteristic of 
Miocene times. At aboat 760 feet occur brownish coarse gravels and' 
sands, from which, by means of the sand pomp, there were obtained 
at Atlantic City, besides the pema and other varieties of Miooene- 
shells, a con^derabte number of well-preserved clam shells, smaller 
than the clam of commerce bat closely resembling it, if, indeed, it be 
not the same speoifioally. This horiaon (760 feet)' furnishes two wells 
at Atlantic City, and was probably met with in a well in Bail's bogt 
It likewise is the probable sonrCe of supply for two wella at Winslow^ 
with depths of 136 and 145 feet Both this horizon (760 feet) and 
the one above it (700 feet) yield macb more water than that at 625- 
feet 

The seventh and last horizon to be noticed in connection with these 
Miocene wells was opened at Atlantic City, as already stated on pt^e- 
277, at the depth of about 960 feet. From a careful study of the 
descriptions heretofore published of the beds- passed through at 
Winslow and comparison of the same with the specimens of borings- 
in hand from this part of the well at Atlantic City,. there appears to- 
be an identity in the order of succession and character of the beds,. 
This identity is further ootroborated by the similarity inthe sucoession 
and character of the beds penetrated by the well at Harrbia. lo 
view of these correspondences, and that the dip between the 336-feet' 
water stratum at Winslow and that at 9€0 feet at Atlantic City agrees- 
with the dip for the water-bearing sands higher up— that is, about 26 
fset per mile — it may be reasonably concluded that but one water 
horizon is repreeented by these two wells. 



II. WELLS IN THE REGION BORDERING THE 
DELAWARE RIVER. 

The welts to be reported under this classification are located 
at Woodstown, CoUingwood, Pavonia, Stockton, Hartford, Mount 
Holly, Medford, Columbus and Burlington. All these draw from 
Cretaceous strata. One well in Philadelphia will also be described, 
since it enters typical New Jersey beds of which a small remnant has 
been left upon the Pennsylvania side of the river. 

*FeniB maiilbta. 
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ABTEBIAJK WEI.I. BOBED FOB 18AA.0 W. filOEBS, A.T UEDFOSD. 

This well was bored in 1889 (see report for that year, page 89) to 
:& depth of 70 feet, but was continued the paat year to 183 feet. The 
record is made np from the former annual report to 70 feet and below 
that from notes and specimens of the earths furnished by I. W. Stokes. 
The continuation of the boring was done by StothoGT Bros. 

Sand and earth » ^ 16 feet, 

^1) Marl SO " 46 feet. 

Sand, varying » 16 " GO " 

Shelly layers i " 64 " 

Coarse gray sand (t«»(er *7Wiy) 6 " 70 " 

(Depth of tirat well.) 

^2) Green marl 15 " 85 " , 

Black quicksand « 25 " 110 " 

<3) Marl 12 " 122 " 

Quicksand 36 " 157 " 

^4) Marl (fourth Btratum), at 170 " 

Sand, some clay 5 " 175 " 

Sand, some clay (loo/er irood) 2 " 177 " 

Sand 6 " 183 " 

(Cased to 179 feet.) 

Isaac W. Stokes writes that "the water is first-olaes, and riaea 
-to within 17 feet of the enrfaoe," and that "the supply seems 
inexhaustible." 

ABTB6IAN WELLS AT WOOD8TOWN. 

In the Annual Report for 1891, page 221, is copied the secticm of 
a well at this place, having a depth of 339 feet, in whioh is noted a 
eand 70 feet in thicknesB between the depths of 61 feet and 131 feet. 
It is also stated this sand containa do water. Investigation dnoe then 
has proved this statement not well founded. In fact, the deep well 
of that report has been abandoned and oloeed np and there have been 
drilled six aiz-iodi wells, arranged in a circle, each well about 200 
feet from the next, all of which are sapplied from thia sand. The 
depths of these wells are as followa: No. I., 136 feet; No. II., 141 
feet; No. III., 140 feet; No. lY., 143 feet; No. V,, 149^ feet, and 
No. VI., 149 feet. They are upon ground nearly level, and having 
an elevation above tide of about 20 feet. 
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The reoord for one fmswers for all. It waa farDished by Jaoob H. 
T'omm, who also stated the depth of each well as above noted. The 
record is as f<^owa : 

SqalvaleoU. 

Muck 8 feet. 8 feet. - Eecent. 

Limesand S *' 16 " i 

•Green marl, with Bhell 84 " 50 " t Middle marl bed, 

<!emented lime, aand and shell ~ 4 " 54 " ) 

Cine gray sand, with water SO " 1S4 " Red sand bed. 

The casing of each well was st4^ped in the cemented sand and shell, 
hut the boring was oontiiiaed to the bottom of the gray sand. The 
wells flowed over the tops of the oasinge abont one foot above the 
^roond. The average flow of each well is 60 gallons per miiint«. 
The temperature ia 58°. 

Eisner & Bennett, who bored all the wells, kindly furnished samples 
of the borings ; they also famish the reoord for the lower part of the 
■deep well of last year. It is here inserted in order to complete oar 
knowledge of the nndet^roand stmctnre at this point. 

■Quiokeand 52 feet. ie6feet.1 

Black sand mart 60 " 246 " I Lower mart bed 

Black, muddy quicksand 30 " 276 " > and 

Blue clay, hard and tougfa £0 " 296 " clay marls. 

■White sand and water 43 " S39 " J 

Eisner & Bennett also state that they prospected to the depth of 
776 feet, where they found another water-bearing sand, and that they 
(lassed on the way down throngb alternations of sands and white and 
red clays. The water at 339 feet rose within 14 feet of the sarfaoe, 
«nd that at 776 feet within 18 ieet. 



ABTBSIAJf WBLI. A.T MOUNT HOLLY XT DUHLAP'S 
CABPBT WOBKB. 

BHCOBD FUBHISHED BY C. Q. OBCniT, CONTa^OTOR. 

Dark muck 43 feet. Lower : 

€and and gravel, tmaUjhw of water...„ S " 46 feet. ' 

Dark muck 61 " 107 " 

Fine sand 4 " 111 " ™ „ 

Dark muck or clay 184 " 246 " Cl»y " 

fland, gray 5 " 250 " 

Dark, sandy olay 12 " 262 " 
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Bed tiaj „ „ 11 feet. .273 feet. Ii 

White clay 1 " 274 

Brown, landy clay 20 " 29* 

White clay ~ 2 " 298 

Light, sandy clay.., 69 *' 865 

Red clay 2 " 867 

L^ht, sandy clay 43 " 410 

Red clay 2 " 412 

Brown (7) clay 18 " 480 

Bed clay 6 " 436 

Light, sandy clay.» 6 " 442 

Fine Band, gray; smaUjftnfo/ UTOfer.... 16 " 457 

Light Band, clay and aand 62 " 609 

Light, sandy clay 87 " 546 

Red clay U " 560 

Sandy clay and fine sand 48 " 60S 

Yellow clay 8 " 611 

Brown clay 9 " 620 

Bed clay 40 " 660 

Fine sand and a little brown clay 

mixed, a litlleflow of water 7 " 667 

Fine and coarse sand and some gravel, 8 " 676 

It will be seen that water horizons exist at eay about 45 feet, 450 
feet and 666 to 67& feet. It is possible some of these ooald be- 
developed and nsed to advantage for general parpoees, bat as inter- 
of exceptional freedom from mineral ingredients was wanted for use- 
in dyeing yams, this well has been abandoned. 



ABTX81AN WELL NBAB HABTFOBD 6TJLTI0N. 

Elevation of Snr&ce, 70 feet. 

A well was bored about one and one-qnarter miles north of tbi» 
station for Samnel C Koberts, who caused to be preserved a complete- 
set of samples. The boring did not prove a success; the record' 
nevertheless has a geolc^oal value and is here given : 

Yellow sand 39 feet. Laminated sand. (?^ 

Micaceous sandy clay, light choco- 
late color.. 7 " 46 feet. 

Black mud or clay marl... 54 " 100 " 

Green marl 17 " 117 " Clay marls. 

Caay marl 8 " 125 " 

Clay marl, similar to last S2 " 167 " 

Sandyclay 6 " 168 " J' 
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Sand, fine, wbitiah gray 5 feet. 168 feet. 

Sand, darker gray 7 " 175 " 

Coarse, white sand and gravel "!„,.... 

■,, „. „ a „ lat .1 Sands at the base 

with some mica 6 181 I , , , ■ 

The Bame, Blightly coarser, color, f ''^ ^^^ "1*^ '"*"^' 

blue gray 6 " 187 " > ""^• 

TbiB well was recorded in the AnDoat Report for 1 890, pf^ 265, to 
the depth of 167 feet, and was afterwards made deeper. The well 
was abaadoned joet above the water horizon that occurs at the base 
of the claj marie. 

LOBILLABD WELL, COLUHBD8. 

Bored by Wm. Blaiedell to the depth of S56 feet. (See AnnuaJ Beport, 
1879, page 188.) Continued by Orcutt Bros, more recently to the depth of 
716 feet. 

The first port of the following record is copied from the report 
alluded to and the remainder b fumbhed by Orcatt Bros., who also 
preserved and presented a series of samples of the clays : 

YellowiBh, loamy sand, ■waier-btaring... 14 feet 

Fine saod, somewhat mixed and 

colored with dark mud 84 " 48 ft 

Stiff, black, iandy clay 24 " 72 

Fine sand, muddy, wo/er-bearin^ 1 " 73 

Stiff, black, sandy clay 9 " 82 

Fine eand, water-bearing; scattered 
layer of sandstone or clay or 
shell rock, 8 to 5 inchea, some Laminated 

quite porous and well bored with V sands and clay 

worms 84 " 116 " marls. 

Black, sandy clay 1 " 117 " 

Fine sand, water-bearing 7 " 124 " i 

Black, aandy clay.. 1 " 125 " 

Fine SAnd, ■water-bearing 3 " ,128 " I 

Dark, sandy clay, scattered layers of 
sandstone and shell rock, 3 to 5 
inchea thick 50 " 178 " J 

Dark, sandy clay, changeable to more '\ 
sandy ; scattering layers of sand- 
stone, shell and wood 128 " 806 " L piaatio olavs 

Fine sand, some gravel, sand crusts, f 

Uid floating brown clay lumps. 



id by Google 



306 ANNUAL REPORT OF 

Bed and white variegated day. 24 feet. 888 Te 

Sand and aand-rock alternately, 5 

inches to 2 feet thick, then clay 

veina and coneiderable wood 18 " 856 ' 

Fine sand at 867 feet 8 " 370 ' 

Ooarae sand, vmitT, bat not much. 17 " 887 ' 

Coaree graye! - S " 390 * 

Fine sand -- 5 " 895 ' 

White clay 6 " 400 

White eand and some coarse graveL... 10 " 410 ' 

Fine, white Band 23 " 432 ' 

Dark sand, full of mica; looks like 

rotten rock 8 " 440 

Pieces of atone clay 11 " 451 

C!o&ree, dark sand, mixed with red 

clay 8 " 459 ' 

Fine, white sand 20 " 479 ' 

Dark clay ~ 4 " 488 ' 

White and red clay 12 " 495 

Sand 2 " 497 

Thin, white clay 11 " 508 ' 

Dark clay 6 " 514 ' 

Tbin, white clay and a little gravel 

mixed with it 2 " 516 ' 

White and red clay mixed 18 " 584 ' 

Soft, light-eoJorod clay 4 " 588 ' 

Alternation of tough, red and white 

clay 12 " 550 

Dark clay 25 " 675 ' 

Sand „ 13 " 688 ' 

A little layer of sand, then coarse, 

white sand and some lumps of 

cUy 12 " 600 ' 

Coarse sand and gravel 8 " 608 ' 

Kne sand 18 " 619 ' 

Clay - 6 " 626 ' 

game clay, with wood^ 11 " 686 ' 

Mostly dark clay 8 " 644 ' 

Band 7 " 661 ' 

White clay 18 " 664 ' 

Sand 16 " 679 ' 

White clay... 2 " 681 ' 

Gravel and coarse sand 9 " 690 

Ked and white clay. 25 " 715 ' 

Band, in which the boring stopped. 
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ABTBSUJI WKLL AT COMJKO8WO0D. 

Kecord and apecimenB fumiabed by W. 0. Barr. 

Surface sand - 8 feet. 

Marly clay, dark color 40 " 48 f< 

Sandy clay, lighter color » 2S " 71 

Orayaand 25 " 96 

OreeniBh marly clay, with aand and 

gravel mixed 9 " 105 

Same, lighter id color, with lai^e, 
white pebblee, eome large as wal- 
nuts, &c. ; blue-gray gravel 20 " 125 

Whitish sand 16 " 141 

White clay atreak 2 " 143 

Bed clay - 27 " 170 

BeddUhsand 14 " 184 

White clay 13 " 196 

Coarse, yellowish-wMte grarel, with 
large pebblea and water. 



N. & a. TAYLOR B ABTESIAH WELL AT PHILADELPHIA. 

Id CretaoeooB clays of the New Jersey series, underlTii^ the sonth- 
eastem part of the city, WeU bored and leoord famished by C. G. 
Orcutt. Diameter, 12 inches. 

Black muolc (riyer alluvium) 27 feet. 

Coarse gravel 17 " 



Yellow clay... 

Bed clay.^ - 

Yellow clay. 

Blue clay, mixed with yellow 

Coarae eand and gravel, mixed with a 

little clay and a few la^e cobbles ; 

plenty ofwaieria this 

Yellow clay 

Soft mica rock . 

Ailer this, hard rock, in which boring 

was continued to the depth of. 



44 feet. (Age?) 



New Jersey 
plastic clay 



670 



The water found in tlie heavy gravel at 130 feet, at the base of the 
soft strata, was cased off. The first water obtained in the rock was 
fonnd at the depth of 400 feet. To increase the quantity the boring 
was oontiDHed to 670 feet. The yield is 250 gallons a minute. 
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There are a ocnsiderable nnmber of wells in the BouUiem part of 
Philadelphia, near the rivet front, tlutt draw from the 130-feet 
horizon. One sugar-hoose has eight of them. This horizon is at 
the base of the Cretaoeons plastic clays whidi cross the State of 
New Jersey from Amboy to Trenton, and then skirt the Delaware 
river to Peon^rove, where they cross it and enter the State of 
Delaware, near New Castle. These days have been met with in 
sinking wells at the last-named plaee. 



ABTE8IAN WELLS AT PAVOMIA, AT THE PENN8YLVAHIA 
SAILBOAD OOUPAKY's SHOPS. 

The railroad company has for years been osing water from three 
wells at this station, the wells being respectively 60, 67 and 82 feet 
deep. These wells are bat a short diatanoe from the Stockton Water 
Company's wells, but are upon somewhat higher ground. The rail- 
road company, however, some years since, made an nnauccesefol attempt 
to obtain wat«r from a deeper well. The officials of the company 
presented a foil set of the borings from this well, and, as it is deeper 
than any of the wells at dther Pavonia or Stockton, ito record is here 
inserted: 

WELL HO. 2, PEHiraYLVAKIA RAILROAD COMPANY, AT 



White clay 


10 " 


16 " -, 

85 " 

58 " 

80 " 

85 " 

95 •' 
115 " 
126 " 
182 " 
164 " 
174 " J 












22 " 




Bed clay 






Fine sand 




Plastic claj 


Yellow clay 


10 " 


aenes. 


CoarBesand - 








.„.., 11 " 





An official of the railroad company writes : " The pressure from 
the bottom was very great and filled the pipe as fast as we could 
sand-pump. The desire was to bring the water as near the surface 
as pos^ble. As we had one well, No. 1, giving good results at 82 
feet, it was determined to abandon No. 2 and drill sufficient wells at 
the normal depth of 60 to 82 feet to give the required amount of 
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water, 275 gallons per mioate. This amonnt haa been famished 
without iBterruption the past three and one-half years [now five 
years]. Dr. Dndlejr [the company's chemist] pronounced the water 
obtained a remarkable find and nearly organically pore. It is seldom 
we are called npon to wash oat the wells. When we do, white sand 
and white gravel come to the sarface." 

The water from the wells of 60 to S2 feet depth probably represents 
the 64 to 78-feet horizon of the Stockton Water Company, in which, 
however, they have bat one well. The abandoned well had probably 
reached the 121-feet; horizon of the Stockton company, in which 
they have six wells. This horizon is probably the same as is drawn 
from by the wells in soathem Philadelphia, and by a wdl at the 
Ox>per Hospital, Camden, depth 129 feet ; also by five of the Stockton 
wells. The wells at Favonia and at Stockton, are upon nearly the 
same line of strike of the strata, which is northeast and southwest. 



iBTESIAN WBUB AT STOCKTON. 

At this point seven artesian wells have been put down by Kisner 
& Bennett, for the Stockton Water Company. From fall information 
reepeeting each well, kindly famished by Jacob H. Yooara, engineer 
in charge, the following condensed statement is made : 

Well. Depth. Wstei liies— 

No. 1, 68 feeL Within 12 inches of the surface. 



8 feet 6 inches of the aurface. 
13 feet of the surface. 
18 inches of the surface. 



Ezoepting well No. 1, they all draw from the same water stratam 
reached at the same level, the difierenoe in depths being due to differ- 
ence of elevation of the surface. There being a veiy cloee corre- 
spondence in tlie thickness and description of strata passed through by 
each well, the record of well No. 6, only, will be given, aa it answers 
equally well for all. 
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SftDd, fiOed in 5 feet. 

Mareh mud _ 8 " 18 feet. 

White clay - - 8 " 16 

Red cUy -....- « - - 9 " 25 

Wliite Band. „ 20 " 45 

White clay. - 19 " 64 

White sand; water horuon of well 

No. 1 - 14 " 78 

Yellow clay 16 " 94 

Coarse eand and gravel ; water horizon 

of wella No. 2 to No. 7 27 " 121 



Plastic clay 
series. 



Id three of the wells apon the higher ground th« ouush mad was 
absent, while die white clay noted beneath it had a thickness of 
eleven feet, instead of only three feet, its thinness in wells apon the 
lower groand being due to stream erosion. In all oases there was a 
oovering of three to five feet of sand or earth. 

Since the above was written a similar record has been famished by 
the contractors, Kisner & Bennett. 

The wells are arranged in two rows, and are all connected with a 
main running between the rows, all being pamped simaltaneoasly 
through the main. J. H. Yocum writes, " In our test trial we found 
that we could depend upon an average of 125 gallons per minate 
from each well. The water is excellent, pure and soft." 



ASTE9IAN WSLL N&A.B BUSLINOTON. 

An artesian well was put down for Ezra Bowen, two miles east of 
Burlington. Orcutt Bros., the contractors, iiirniah the following 
record: 

Soil - 6 feet. 

Black mud or marl 53 " 59 feet, i 

'Green marl ~ 44 " 103 " > Clay marls. 

Gray sand, with wood; no water 17 " 120 " J 

White clay 4 " 124 " ] 

Red-mottled clay 21 " 145 " { 

Dry, dark, lead-colored clay 5 " 150 " ^ Flaatic claya. 

Band and hard crusts 4 " 154 " j 

Medium fine to coarse sand and gravel, at 258 " J 
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Formra leports of the Survey have demonBtrated that below the 
lower marl there ooear a seriea of oi&j marls, beneath which U a 
seriea of plastic days. 

Oarefal study of the wells in the seoond divisioa of this paper 
shows that at the base of the clay marls and above the plastic days 
there are beds of bine-gray coarse sands, and blue-gray, heavy, pebbly 
gravels, which yield water that will overflow about ten feet above 
tide-level. 

About 100 feet below these, and that distance within whitish and 
pinkish clays resembling the plastic days, are found exactly nmilar 
sands and gravels, with lai^ pebbles and even cobbles, only the color 
is slightly difierent from the gravek above, being now a yellowish 
white, with sometimee a faint tinge of pink. These wdls yield water 
that also rises about ten feet above tide. 

In Bcoordanoe with suggeetions made to the author, it may be that 
the blxu-gray grand and the ydlomdi-mhUe gravd, with their inter- 
bedded clays, may, either wholly or in part, represent a transition 
seriea between the day marls and the plastic clays proper. 

From the flrst^named horizon, the blue-gray gravels, wells at the 
following places draw their supply : Sewell, Wenonah * and 
Glouoester.* The well at Hartford was abandoned just above it. 

The seoond-named horizon, the yellowish-whiU gravdt, furnishes 
water to wells in southern Philadelphia and at the Cooper Hospital, 
Camden; also at Pavonia, Stockton, Jonathan Williams', near 
Hoorestown, and Collingwood. 

The wells noted at Columbus, Burlington and Mount Holly are 
stratigraphically mooh deeper and must find their supply from still 
lower water-producing sands. 

e Qot jet in hand, 
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Notes on the Sea-Dikes 
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I. 

NOTES ON THE SEA-DIKES OF THE 
NETHERLANDS. 



THB SEA-DDEE AT HEUJEE. 

At Helder, in the Province of North Holland, where the waters of 
the Zoider Zee find an oaUet between the mainland and the island of 
Tezel, and where there is a strong onrrent, the protection of the point 
or hook has made it necessary to build dikes and jetties of great 
strength, to resiet the force of the waves and the soooring action of 
the ODirent There is a continnoas dike around this point of the 
mainland from the donee on the Norih Sea to the Zaider Zee. A 
part of the line is occupied by the fortification, and there the dike is 
of great strength and is, in fact, a pai^t of the defensive works. 

Along the sea front jetties are boilt at right angles to the shore- 
line and are about 600 feet apart. These jetties are of stone, with 
fascine mattraeses at the base, wtiioh are loaded with heavy blocks 
of granite. On the open sea-front, to the northwest, th^ are 
larger than on the side next the strait. Th6 facing is of trap-rook, 
and the upper surface is slightly convex in cross-section. Their 
average length is 160 feet. The shore end is a little above high-water 
mark, descending to the level of high water at the other end. Not- 
withstanding the lai^ size of the blocks of stone used in them, the 
severe storms sometimes tear up this feeing and carry these blocks 
several rods upon the strand, so that repairs are often necessary. 

The Helder dike has its seaward slope at a low angle, estimated to 
be less than 10°. It is faced with stone. The blocks of granite are 
five to six feet in length and are not dressed. They are laid close 
tc^ether and the interstices are set with smaller stone, so as to make a 
compact layer nearly two feet thick. In the more exposed points and 
at the northwest, on the sea front, fascine mattrasses were used at the 

(315) 
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bottom, oovered with heavy stone and faoed with blocks of columnar 
trap-rock which are set vertically and nearly as close as cat stone. The 
stone Busing extends ap the slope to the top of the dike and is 
approximately 100 feet wide. On aooonnt of the strong onrrent off 
this point the water is deep close in to the shore. According to Storm- 
Buysing, the depth of the water at 60 yards from the foot of the dike 
is about 100 feet. Heavy blocks of stone, making a massive rip-rap 
work, cover the steep slope this distance and down to this depth of 
water. The crown of the dike is 36 feet^wide and 15 feet high above 
high water. It affords ample space for a roadway, whose bed is 
graveled, and for a foot-path or promenade, from whioh the traveler 
has a good view of the sea on the one hand and on the other looks 
down upon the streets of the town. The inner or landward slope is 
steep (about 1 to 1.26) and is grassed. The dike on the Nieawe Diep, 
or new harbor, is wide and offers a oonunodions landing-place from 
the vessels which unload here. 



THB aBi-DIKBB AT PETTBN. 

Fetten is a small hamlet on the North sea and in the province of 
North Holland, It is ten miles north-northwest of Alkmaar. The 
dnne hills which border the sea from Helder to Fetten are hero 
wanting and there is a gap of about three and a half miles (6,600 
metres) in the ooastal-dune belt at this place. South of Fetten the 
sand hills attain a height of 150 feet in some points and a maximum 
breadth of three miles, opposite Bergen. The break or gap in the 
range rendered necessary the construction of sea-dikes to replace the 
sand hilla which elsewhere serve as a natural barrier to the encroach- 
ment of the sea. There is a large area of reclaimed land in meadows 
(polders) in this province whose sur&ce is several -feet below the sea- 
level at low water, and the defenses at Fetten form an important link 
in the chain or cordon surronnding this low-lying and fertile territory. 
The old maps of the district, 150 to 300 years old, show that the 
dune hills have suffered some changes in that time, although the 
defensive works antedate these maps. This is historic ground in the 
Netherlands system of sea-defensee, and the following notes on the 
histoiy of the sea-defenses at Fetten are taken from a statement by 
J. P. W, Conrad, member (council) of the Royal Institute of Engi- 
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oeers, and published in the jonm&I of that Institate in 1881.'^ He 
Bays: Of the dunes b^ween Camp and Petten there is meotton 
made in the first half of the fifteenth century. Prior to 1505 the 
defenses tm;ainst the sea consisted of the unprotected beach, with a line 
of dnnea lying back of it, planted with dnne-grase or helm (Arundo 
arenaria), to prevent the drifUng of the sand and the formation of 
breaches in the sand ie«f or barrier. Tbeee dunes were constantly 
being impaired by the action of the atorm tides and moved landward. 

In 1506 a beginning was made of artificial defenses i^;ainBt the sea. 
Jetties and piles were set, and the system heretofore followed of 
retiring before the sea was abandoned. Meantime an inner or 
"sleeper" dike was built in 1528. 

The artificial device of a sea-dike was not n^leoted, and in 1547 
no less than twenty-two jetties had been projected before Petten and 
HondebosBche. After that year there was an interval of neglect, 
and in consequence the Hondsboesohe dike was broken through in 
1570, and an inner dike, laid out in 1571, had to serve as a defense. 

At the beginning of the seventeenth century the Hondsbossohe 
dike was considered unsafe, consisting of nothing but an unprotected 
beach and a mound of sand lying back of it. Throughout the 
seventeenth and eighteenth centuries no proteotive measures were 
taken for the beach and sea-dike, and safety was sought in the con- 
struction of suoceesive inner dikes. This state of things oontiuned 
nntil 1 794, vhea finally, on the advice of Inspector-General Brnnlngs, 
a banning was made in the systematic constmction of jetties upon 
the beach. 

Between 1839 and 1847 a line of contiguous piles was driven in 
the sand at the shore end of the jetties which had been repaired. 
This pile defense was greatly injured in the storms of December, 
1862, and December, 1863, and the dike of sand behind it was in 
danger of being broken through. 

It was not until 1872 that the scientific system of defenses of the 
Hondsbossohe sea-dike was began. They were largely ooustruoted 
in the years 1872-1877 by aid of subsidies to the amount of about 
9900,0(10 (two and one-fourth million guilders) from the general 
government and the provincial government of Noiih Holland. The 
twenty-nine jetties were reconstructed and repaired. The protection 

*Tid9cbrift van het Koninklijk InsUluut tmi logenieun, 18S1, 1SS2. 
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by means of jetties waa opposed to the original plan of the Honda- 
boesche improvement, as they were considered to be injorioas rathw 
than protective, bat they were ordered by the government anthorittes, 
both general and provincial, by whom the enbsidiee were famished 
for the work. 

The Petten and Hondsbossohe dikes are eesentially one, but are 
separate in ownership and in oontrol. The former is 4,000 feet long 
(946 metres) and the latter 14,760 feet (4,500 metres). Both of them 
are under the supervision of the oEBoers of the Rijks Waterstaat, a 
gOTomment bureau which has chai^ of the dikes, canals and water- 
ways of the kingdom. 

The protective measures here employed are jetties and sea-dikes. 
The jetties are placed at right angles to the shore line and are 100 to 
300 yards apart They serve to dieok the velocity of the cnrrent 
along the shore and arrest the movement of the sands, and thereby 
prevent the nndennining action of the waves and currentB on the 
foot of the dike. There are nine jetties in front of the Petten dike, 
twenty-nine in front of the Hondsbossohe and eleven north of the 
latter for the protection of the beach and the done ; in all forty-oine 
jetties, within a shore length of six and a half miles. Those in front 
of the Hondsboesdie dike are from 300 to 450 feet long, besides 60 
to 80 feet of rip-rap (stort-werk) at the sea end. Before the Petten 
dike their length is 380 feet, of which 300 feet is course work. The 
jetties to the nortli of the dikes and in front of the dune are 540 to 
740 feet in length, of which about 80 feet is rip-rap. The height at 
the shore end is one and a half feet and at the sea end 4.9 feet below 
high-water mark or the Amsterdam datum plane (A. P.) The 
distance between the jetties in front of the dike ranges from 370 to 
410 feet, and in front of the done from 360 to 940' feet. 

The construction is shown in detail in the accompanying sectionB 
and plans.* The dikes are shown in vertical cross-section, the jetty 
in plan and also in cross-section. (See Plate YUI.) 

In constructing the jetties, fascine mattraeses, made of small brush 
and young tree stems or poles, are first sunk upon the sorfaoe of the 
ground at the sea end by a load of stone. For this mattrass-work 
brush of Tarieus kinds of wood lb used. Willow and alder are 
oommon. They are woven, as it were, together and tied in the several 

■These sectioDB, irith ezplanatorj nota, were kindly fumiehed hj M H. A. 
Stnuiter, enperinleDdeiit at Petten for th« Bijka Wsterstaat 
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layers hy cross bundles or withes. The average thioknesa is aboat 
three feet. They are covered by heavy stone, laid dosely together, 
and they serve as a protection to the jetty against the scoaring 
aetion of the currents along the shore. The jetty proper oondsts of 
the bmsh layer or fascine mattrass at the bottom, covered by -a layer 
of clinker or broken brick and capped by set stonework. The top 
is slightly convex, as shown in the oroas-section in the illustration. 
(See Plate VIII.) 

The stone oaed here is from Toumay (known as Doomik stone) 
and it is set close, with the interstioes rammed with the spalls and 
small stone, so as to make a compact facing or revetment. Kows of 
piles are set lengthwise the jetty, sunk through the stonework and 
the mattrasB layer into the bottom-sand of the beadi, and serve as 
(aibwork to hold the mass in position. Seven rows of such piles 
are shown in the plan and sections. The average cost of one of these 
jetties is 10,000 to 15,000 goilders, or about $4,000 to $6,000. 

The dikes also have fasdne-mattraas layers at the seapbottom which 
ai« loaded with stone rip-rap, or bmshwork covered with clinker and 
that with rip'rap. In the Hondsbossohe dike the faacine-work with 
clinker and rip-rap is shown in the vertical cross-section. There is 
at the foot what is termed a " plas-berm," or splash-bench, about 10 
feet wide and at a depth, at foot, of 1.60 metres and of 1.20 metres at 
the upper side. This oonsists of atone set on cUnker with the brash- 
work at bottom and with rows of piles on the sides. From 1.20 
metres below high-water mark to 0.40 metres above the same datum 
plane the bmshwork is covered with clinker and the surfiice is 
oonrse work in stone (basalt). This section of the dike is 24.& feet 
wide. In it there are two rows of piles, which serve to break the 
force of the waves. Above this there is a layer of basalt rock laid 
flatwise upon a brick floor laid on clay and having an inclination of 
7 to 1, and higher up, 9 to 1. The breadth of this section is about 
120 feet, and its upper side is 13.6 feet above the high-water plane. 
The stone-faoed section is succeeded by a grass-oovered bench, 78 feet 
wide, slightly sloping from the stone-faced section upward to a height 
of 16.5 feet. Its'slope is 20 to 1. For a breadth of about eight feet 
along the upper side of the basalt section the surface of this bench is 
set with stone. The dike above this bench consists of sand, covered 
with a layer of day, and having an inclination in its outer slope of 2 
to 1 up to a fadght of 23 feet above high-water mark, and which is 
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faced with brick to a height of 20 feet. The crown of the dike i» 
16.5 feet wide and has an inner slope of 3 to 1, 

The part of the Hondsbosaohe dike adjacent to the Petten dike dif- 
fers in constrnctioD from the reet. It has an outward slope of 6 and 
7^ to 1, is covered with a fadng of colamnar basalt, has no rows of 
piles or " wave-breakers," bnt has an onter bench rialng to a height 
of 20 feet, and its crown has a breadth of 23 feet. 

The Petten sea-dike differs from the Hondsboseche in some of the 
details of constmotion. The work was done munly in 1867 and 
1868, and with a view to the retention of the original features of the 
dike so &r as it was possible to keep them. It has a splash-bench, 
not, however, as wide as that of the Hondsboseche, which is succeeded 
by a atone-iaced slope, convez.in seotioQ, and is set with three rows of 
piles. This slope extends to a height of seven feet above high water. 
The outer bench is wider than in the Hondsbossche dike and has a 
slight inclination. The stone facing is carried ap the slope above this 
bench to a height of 17 feet. The crown is 26 feet wide, and the 
inward slope descends at an angle of 2-8 to 1. It may be observed 
that the form is sach that the onset of the wave is opposed more in 
the front ot the Petten than in that of the Hondsboseche dike. The 
latter presents a more nearly uniform slope toward the sea. In the 
Petten dike there is the stone-&oed npper section above the beach, 
which offers stout defense in case the outer works are damaged 
seriooslj. 

Since the completion of the HondBbossche dike the starm waves 
have been noted once as high as 6.25 feet above ordinary flood mark, 
and they ran then to a height of 13.5 feet above the same datam, 
and as far as the slightly^inclined surface of the outer slope. One 
wave reached to a height of 19.5 feet and to the crown of the dike, 
which has since that time been raised. Dnrinf; ordinary storm tides 
the water rises to a vertical height of 2.5 to 5.5 feet higher on the 
Hondsbossche than it does on the Petten dike, and to a point where- 
the dike cross-section is from 23 to 46 leet wide. Experience has 
shown that the accession to the beach has been notable since the 
building of the Jetties, It remains, however, to be proven how far 
these defenses are able to resist long-continued high storm tides, such 
as occurred in December, 1862, when the water rose to a height of 
8 feet above mean flood, and in December, 1863, when the height 
was nearly 10 feet and when the water was driven by a gale of 300^ 
pounds pressure for twp consecutive hours upon the dike. 
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TEE WEST KAPPELLE 8BA-D1EE, 



This dike ia at the most exposed point on the North aea coast of 
the NetherlandB and is most noteworthy among the sea-defensea of 
that country. The island of Walcheren, in the province of Zeeland^ 
is one of the richest agricultural districts in Holland, and its fertility 
ia largely owing to its rich sea-clay soil, A large part of it is beloir 
the ocean level and it is inclosed hy dune hills and by strong dikes. 
The dunes on the North sea coast are massive natural ramparts which 
protect it against the encroachment of the sea, and they are guarded 
with the most jealous care. There is a line of jetties from Flushing^ 
on the south side, past West Kappelle to the mouth of the Scheldt, 
oil the northwest, for the protection of the dune barrier. The range 
of done hills is narrow — in many places a single row of hillocks of 
Band — but high, reaching a height of 60 to 100 feet between Domhor^ 
and Flushing. Hence the great care which is taken to maintain thi» 
barrier of sand hills. At West Kappelle, eight miles west-northwest 
of the old city of Middleburgfa, and the westernmost point of the- 
island, the encroachment of the sea and the destmction of the dune 
barrier made it necessary to resort to artifidal measures and the con- 
struction of a eea-dike of great strength to resist the waves, which 
break with great force on this exposed point. The full sweep of the 
wind from the northwest to the southwest quarters over the North sea 
forces the water with heavy breakers on this point, so mudi so that 
the foam of the wave crests often glides over the crown of the dike, 
and stone of two tons in weight are carried twelve to sizteeo rods up 
OD its outer slope. The earliest known dike here was somewhat 
farther to the west than the present one — that is, seaward — and the 
old church tower, near the dike, was in the center of the village. 
The church has disappeared and the high tower answers the important; 
nse as a light-house on this neetemmost point of the island. Some- 
of the work of the older dike was done as early as 1470. Ita 
anthentic history dates back to 1540. 

The water off the point is deep — 50 to 75 feet — in a northwesterly 
direction and not far from the shore. The rise and fall of the tides 
is about eleven feet, and the high-water mark is 2.07 metres above the 
Amsterdam datum plane (A, P.) The core of the dike is sand, and 
is, in fact, a sand-iidge formed into shape and [sotected against the 
21 
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eroding action of the waves by ite oovering of olay, straw matliiig 
and stone facing. In orosa-section the oater slope b polTgonal-convei, 
aa shown in the acoomp&njing illastratioDB (Plate IX.) The orown 
of the dike at the soath end is Id feet above high-water level and 
aboat 22 feet at the north end. The rip-rap at the foot is thrown 
opon fascine mattraeses, made of reeds, and about a foot and a half 
thick, which aooommodate themselves to the ineqoalities of the sea- 
floor and prevent scouring 1:^ the nnderourrents. The sand core is 
covered to a depth of three feet, increasing a little near the top, with 
a day fonnd'in the vicinity. On this clay is a layer of brick, and 
the stone facing is set on the brick. Its seaward or outer slope is in 
sections, and is steepest near the foot, ranging from 6^ to 1 at the 
south end, and 7-9 to 1 at the north end, down to 12 to IS^ to 1, 
and thence to 18 to 1, sear the top. It is protected according to situ- 
alion, and from low-water level to 8 to 13 feet above the same datum 
plane, by a revetment of stone and by piles and a straw-mat covering. 
The rip-rap at the foot consists of heavy blocks of stone, and it occu- 
pies a belt from 4^ feet below to 2.8 feet above the Amsterdam datum 
plane. There is at the foot of the dike a row of piles, near low-water 
mark, whidi serves to hold the stone coursework in place. Basalt, 
a hard and durable stone, and columnar in structure, which is obtained 
from the Rhine district in Germany, is used as facing material for 
the lowest section of the outer slope. The pentagonal and hexagonal 
blocks are fitted close tc^ther in a compact layer about a foot thick. 
They are laid on side — that is, on the columnar faces. It is preferred 
to the Toomay limestone, which has a tendency to split dong the 
bedding-planes, as it is laid on edge. Mnch of the latter kind of 
stone has, however, been used here, as it is less costly than the basalt. 
Sandstone from Yilvoord, in Brabant, also is osed. This section or 
belt has a mean breadth of 60 feet. Next above it there is a section 
of basalt stone fadng, which is narrow, only aboat twelve feet wide 
and is nearly three feet above high-water level. Following the basalt 
section, and extending from 8 to 13 feet above high-water mark, there 
is what is known as the " krammat " covering, a matting which is 
made of bandies of coarse reeds, laid at right angles across one 
another and fastened at the intersection points by pins driven in the 
earth. This covering costs about ten cents a square yard. It holds 
the surface t^nst the swash of the waves as they ran up the slope 
and return, at extraordinarily high tides, and where grass will not 
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grow. It is not very durable, but on account of cheapnen is replaced 
at short periods, liie grassy benoh or berm is next above the stiaw- 
oiat section, and then the crown of the dike. The inclination of the 
higher part of the outer slope is 18 to 1. In places above the straw- 
mat section there is stone facing for a breadth of five yards. The 
total breadth of the dike at the level of low water is 360 feet, and at 
high water about 300 feet. 

For the more efiectnal protection of the stone-work and to break 
the force of the waves, there is near the foot of the dike, a narrow 
'belt of dake-vxtrk (staket-werk of the Dutoh). At West Kappelle 
the length of this stake-work is about 1,000 yards, and it is from 4 
to 14 feet wide. The stakes or piles are set in rows lengthwise the 
«hore and the dike, 1 ^ to 2 feet apart, and in the stone facing. There 
are firom 6 to 12 parallel rows. They are of oak or of fir (which is 
«reosoted), and are 11^ feet long and 10 to 12 inches thick at top, 
sharpened at the bottom, and are set so that they are 3 to 5 feet above 
the stone facing of the dike. In some cases they are fastened together 
in a kind of cribwork by tirobers lengthwise and crosswise, bolted to 
the tope of the stakes. Through openings at intervals, which run 
obliquely down the slope, aooees is had easily to and through them. 
This stake-work is just where the most exposed sections reqnire it. 
At less exposed points the stakes stand singly and in rows, without 
(he waling tie-pieces. It is ottea danu^ed by storm tides and waves, 
and frequent repairs are required. 

The crown of the dike is about 40 feet broad, affording room for an 
'excellent roadway and a service railway line, but no trees ^re planted 
on it. Th^re is also a lightrhouse on it The water in severo storms 
mna to the top of the dike in foaming sheets and in spray of the 
breakers, but not to do any material damage. 

The dike is itself protected as a part of the coastal-dune range by 
•the system of jetties referred to above ; and there are thirty-seven of 
them in front of the dike, at distances of one hundred to two hundred 
and fifty yards apart. They stretch out at right angles to the shore. 
In their construction the iascioe-mattrass layer is first made, and it 
extends somewhat beyond the jetty on both sides and at the sea end. 
Heavy blooka of granite (stort-werk) are thrown upon this mattrass, 
-which protect the jetty's cribwork against the bottom currents and 
«erve to hold the sand in place. Five rows of piles are driven in 
rows lengthwise the jetties and rising about one-third of ih&i length 
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above low-witer maib. The piles are from six to eight inches apart 
in these rows. These piles, here as elsewhere in Holland, have to be 
protected ^tunst the boier (Teredo navilis) hy a sheathing of broad- 
headed nails which are driven into the parts of the piles wherever 
the wood ifi exposed continnoual^ to the water. They prevent in part 
only the ravagmg effect of this little marine borer. The npper sur- 
face of the jetty consists of large blocks of Btone set compactly 
tt^ether, forming a elightly-arched, oroBs-vertical section. One row 
of piles is set on each side and the remaining three at eqnal spaces 
apart, running longitudinally through the mass of the jett^ from 
shore end to the sea end. Cross pieces serve to hold the piles together 
in a sort of cribwork and give strength to the whole stmctuie. The 
jetties slope at a gentle angle seaward. 

When it is noted that in December, 1862, the high water rose tO' 
twelve and a half feet (3.82 metres) above the Amsterdam mark, or 
five and a half feet (1.76 metres) above mean high-water level, the- 
danger at this locality may be appreciated, particularly when the 
exposed position to the sweep ef the winds over the North sea i» 
taken into consideration. The cost of maintenance is heavy on 
aocoont of repairs every year, but the aggregate value of the properly 
who6e protection is secured by this dike makes it imperative to keep the 
line of protection intact. One authority places this ooet of mainte- 
nance in Zeeland at $250,000 (600,000 guilders) a year, and says that 
there are in the provinces 1,000,000 square metres of fascine-work 
and 1,200,000 square metres of stone pitching. In the case of the 
West Kappelle dike the ooet all falls upon the island of Walcheren^ 
and it imposes a comparatively heavy tax. 



At Flashing, on the south side of the island of Walcheren, province 
of Zeeland, the harbor is formed by massive dikes, as well as a part 
of the fortifications west of the town. The harbor is, as it were,^ 
walled in by them. They are remarkable for their strength and for 
the care taken in their construction to fit them as roadways and 
avenues of communication between the town streets and the harbor. 
The fascine- mattrasB layer is at the base, extending across nearly the 
whole breadth of the dike, and it is loaded with stone. This style of 
construction is in general use where roadways occupy the crown ofT 
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the dike and where the ground is not solid. The main body of the 
'dike is sand, which has for protection, on its outer slope, a layer of 
tough clay, and that in torn covered with a layer of red briok, which 
holds the day and makes a solid bed for the outer facing of stone. 
Basalt is nsed for this purpose. 

Jetties are employed to protect the outer sea-dike at Flushing, but 
they are maintained with difficulty on account of the scouring action 
of the oorreut in the Scheldt and the deep water with narrow foie- 
«hore. In places where there is less of this scouring actioD of the 
current along the shore the aand accumulates quickly and some of 
the jetties are nearly buried in it. 

On the north shore of the island of Koord Beveland, in this 
provinoe, and along the Oost Scheldt the scour is so great and the 
uurrent so strong that the dike's front haa not been maintained and 
«ome land has been lost. The newer dikes have been built behind 
ihe old^ ones. 



From the deecriptione as given in the preceding section it will be 
at onoe plain that the sea-dikes of Holland are expensive oonstruc- 
tioDS, and their maintenance also ia, of necessity, costly and eaoh aa 
Co require governmental supervision. 

The protection of so large tracts of country lying below the sea- 
level makes it necessary to build strong dikes and keep them in repair, 
to insure the safety of the inhabitants aa well as the crops and con- 
structions of a settled farming country. Towns and cities at these 
Jow levels are also to be guarded against the innmds of the sea. The 
vater must be kept out of these low-lying lands as well as from doing 
-damage to dikes which protect the parts of the country which are 
near or slightly above the level of the ocean. The range of sand hills 
or dunes of the coast serve as a barrier reef against the ocean waters, 
and make a line of outer defense. The sea-dikes which have been 
-deacribed in this report fill the gaps in the range of sand hills, and 
make » nearly oontinaous sea-front. There are interior lines of dikes 
also, and those which border the rivers and the inland waters, as the 
2uider Zee. 

New Jersey has practically no part of its territory lower than sea- 
level. The exceptions are the email areas of embanked meadows 
which have settled a few inches below mean-tide level. Until our 
tide- marsh lands have been reclaimed and made into farms and 
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market-gardens tliere cannot be any necessity for dikes of mnoh size 
or streDgth. The conditions are at present not comparable with those 
of Holland. But for the protection of the ocean front at exposed 
points, where there is much wear of the shtne and a gradnal en- 
oroachnient hy the sea, the sea-dihee of Holhmct are good example& 
of sncoessful protective constmotions, and the study of the Dutoh 
methods is su^eetive of what we may de where like conditions' 
exist. At Long Branch the wear of the bluff has been extensive and 
has destroyed the former beauty of the elevated promenade and road- 
way which ran in iront of the hotels and cottages. And the encroaoh- 
ments of the waves in severe storms within the last two yeant have 
been such as to cut into the roadway and threaten some of the build- 
ings nearest the margin of the binff. The loss of land for the past 
half oentnry has been variously stated. It is well known that the 
site of the former roadway is now in the water, and the distance from 
some of the older houses to the sea is much less than it was yearft 
ago. The value of the strip taken by the ocean wonld be great 
enough tonlay to warrant adequate measures of protection. The 
property now threatened is valuable. It should be stated here that 
this locality is the sole one from Sandy Hook to Cape May where the 
hard ground meeto the water of the ocean. The coastal line of dunes' 
everywhere else borders the ocean and protects the mainland. Henoe 
it would seem eminently proper for the State to oondder the question 
of protecting this unique ocean front and beautiful bluff, and also the 
more practical one of saving its territory from destruction. 

The study of the construction of the sea-dikes of Holland ift 
therefore of practical importance in a consideration of the metboda 
applicable to the Long Branch bluff. The West Kappelle and the 
Fetten dikes are at pointe exposed to the direct force of the waves of 
the sea, but, judging from the greater breadth of the fureehore and 
the more gentle slope of the ground and the lees depth of water at 
these places than at Long Branch, it would seem reasonable to assume 
that the action of the waves at the latter place would be more ener- 
getic and more destructive than ibey are on the Duteh coast. 

The exposure at Long Branch is toward the ocean, and faces that 
quarter from which the more stormy winds blow and help to raise 
the water into high waves. The depth of the water, also, is such 
that it increases rapidly from the land seaward, which facilitetes the 
movement of deep water directly against the land. The off'-shore 
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currents which strike obliquely, help to cut away the aaods and days 
in the foreshore aud undermiiie the grayelly-sandy bluff, and alBO 
carry away the materials brought down to the strand from the blnfif. 
The protective measures which may be considered as available at this 
place mnst have reference to these more exsctiog conditions of expos- 
ure in order to be at all effective. The jetties and bulkheads which 
have been built are examples of what may be done to arrest tem- 
porarily the onward movement of the sea upon tlie land, and to pat 
away further the ultimate fate of the bluff. They have aneweted 
their porpoae as such temporary measures of protection, at compara- 
tively slight coat to individual owners and some assodated proprietors. 
For a proper system of sea-defense there is need, first, of complete 
(wganizatioo and a oarefhl study of methods, preparatory to the adop- 
tion of a comprehensive plan, which shall include all of the property 
interests and the State, in so iar as it is the custodian of its public 
interests and the servant of the people in protecting them. Some 
modification of the form of dikes used by the Dutch is necessary for 
the conditions at Long Brandi. There a sand hill is to be made into 
a dike; here a bluff, high enough itself for a dike, is to be protected. 
There the water is more shallow and the strand breadth is greater ; 
here deeper water and a narrow strand are the elements to be con- 
sidered. The differing conditions due to cheaper labor and oonee- 
qnently cheaper materials are also fiictors in the case. The etseential 
features of the sea-dikes, at the localities in Holland here referred to, 
are the gentle slope of the outer front of the dike and the strength 
of the fadng. The dike has the form which o^s less resistance 
than a wooden bulkhead, and its facing of stone resists the wearing 
action of the waves and also affords a more easy return of the water 
to the sea. The water is allowed to run up the gently-sloping sur- 
&oe, after being broken up and in part arrested by the rows of slakes 
or piling set in the foot of the dike, and then to expend its force 
thereon and run rapidly back to the sea again. 

At Long Branch the bluff may be so worked over as to make a 
dike. For this purpose it would be necessary to cut it down into 
benches or terraces, with sloping sections between them, which should 
be faced with stone. Of course the construction, like that of West 
Kappelle, would involve the cutting back of the top a long distance, 
and would nse all of the remaining strip of land between the houses 
and the sea, A steeper slope might be as effective and less expensive. 
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It ooald be in two ae(^ODS and separated b^ a bencli or terrace abont 
iialf the height of the present bluff. In form, the outer surfaoe would 
be preferably oonvez, for greater strengtli and for eoonomj in con- 
«tmotion. The bench would be a promenade-way for pedestrians in 
pleasant weather. The top of the bluff should be raised so as to 
make a broad crown, on which there might be a fine drive-way, as 
well as walks. These very general suggestions show what may be 
done in the use of a modified form of the Dutch sea-dike, oonsistent 
with existing oooditions and which, it is believed, would make the 
blufir more attractive and more beautiful than it is now, and save from 
further encroachments of the sea. 

The alteration of the shape of the blufF, as here pointed out, would 
not alone be effective. Jetties oertunly would be needed to check the 
flow of the currents of water, which cut away the strand as well aa 
'bluff. Their usefulness has been seen in what have been built to 
protect the front along the West End and Howland properties, and 
the extension of the jetty system northward along the whole front is 
«n evidence of their value. The bulkheads, however, show that they 
alone are insufficient to protect. With jetties and a new-formed and 
€tone-faced section of the bluff, in place of the unsightly and wooden 
bulkheads, the transformation would be pleasing to the eye, useful to 
the owners, tonducive to the greater pleasure of the increasing crowd 
of summer viators, effective in stopping the wear of the bluff, and 
save from destruction to the State its one point where the bard ground 
comes boldly to meet the sea. 

The use of dikes for the protection of the shore at other points 
aloDg the coast may be a subject for future consideration, particularly 
where valuable water-fronts are threatened by the wear of the land. 
At some of the new towns on the sand beaches the damage from 
waves in storms is great, and the loss of property is sometimes lai^ 
enough to warrant the outlay necessary for jetties and low dikes. 
The oonstruction of great dikes like those of the Netherlands is not 
practicable, but a smaller form, having less breadth and lees height, 
is apparently within the limit of economy and entirely strong enough 
to meet the demands of the case at nearly all of the localities where 
they are needed at all. For it is to be remembered in this connection 
that the water off the coast is generally shallow and the strand ia 
wide, affording conditions where the force of the waves ia not so 
great as it is at Long Branch, and where the necessity for formidable 



id by Google 



THE STATE GEOLOGIST. 329 

^ikes does not come in to eza^^entte the coat of constftiotioD. In 
fiict, the destructive agencies on this line of sand beaohee are the 
-«iirrent8, which strike oblique)}', or which run along shore, carrying 
away the eand from the gently-sloping sea-floor and the strand. The 
jetty has a more important work b«re than the dike — to stop these 
correuts and their scouring action — axuA with jetties the dike may be 
low and broad. 

The element of expense in the oonstruction of sea-dikea is not so 
much in the earthwork as in the etoae oi brick facing. The core 
may be of sand, which is &t hand ; the earth or clay covering is to be 
had on the mainland and not far distant, generally; but the stonework 
ia expensive on accoant of the cost of transportation, as there is no 
outcrop or quarry of suitable materiid in the soutbern part of the 
State, except the brown sandstone, which is found in comparatively 
few localities, in thin beds, and of limited extent. By water, stone 
•can behad from die Hudson river or from New England quarries. 
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II. 

THE RECLAMATION OF THE LOWLANDS 
OF THE NETHERLANDS. 



The names of the coantiy of the Dutch — De NsDSBLiSDEf 
Netherlands, Holland or Hollowland, the Low Countries — 
all point to the fact of low-lying and consequently wet lands. The 
reclamation of this territory from the sea has given to this people a 
large part of their fertile oountry and made the Ketherlands one of 
the richest in Europe. The improvement of the soil, thus won from 
the water, by the best methods of cultivation known to agriculture, 
has been so great that the low-lying parts of the Netherlands are all 
either rich meadows for pasture, or market-gardens for producing 
vegetables and fmit for the cities, also within the origimil domain of 
the sea. The skillful engineering, persistent and unwavering labor 
and watchfalneas, and the expenditure of large sums of money through 
centuries, have made a wonderfully rich agricultural country whero 
tide-marshes, sand-flats and wet swamps onoe stretched over a wide 
belt from the low, upland sand hills to the higher wind-raised dunes 
of the coast. The transformation of a district naturally desolate and 
almost worthless to agricollure baa been looked upon as an object 
lesson to the world, showing what may be done where a wise economy 
of natural resources is had and where there is the patient industry 
and nnflsf^ng energy to wait for and to reap the results of far- 
reaching plans for improvement of the natural conditions. Environ- 
ment has no doabt had its influence upon the people, and the reclama- 
tion of wet lands and of lakes and tidal estuaries and stretches of the 
sea has become, as it were, a business almost peculiar to the Dutch. 
One successful enterprise has led to another, nntil the territory has in- 
creased over one-third beyond its original area. And to-day the drain- 
ing of a large part of the Zutder Zse, or so much as may be available 

(381) 
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as Arm land, is planned and is likely to become a fact withio a few 
yean. What has been done in the Netherlands ia poeuble in our 
ooontry, wbeiever the conditions are favorable and the reaalta prom- 
ising of profitable returns for the investment of capital. The ability 
to oi^anize and to ezecnte, as well as the means for doing the work 
■are here. It may be possible that oni people are too eager for resatts, 
and consequently are unfitted or anwitliog to wait for the slow retams 
of income from investments put in the drain^e and improvement of 
-farm lands on a lai^ scale where organized effort is necessary for the 
work. The conditions here are not so unlike those of the Nether- 
lands that the example of the Dutch may not be instructive and sug- 
igeative of success. Because of the similarity of conditionB and the 
promise of valuaUe results, some study as to the methods used by 
them seems to be dearable, and for it the following notes have been 
-taken from a reoeutly-published Dutch work entitled " Nederland als 
Polderland," by Dr. A. A. Beekman, an engineer and professor in a 
iechnolc^cal school at Zatphen, and more recently at DelfL* These 
Dotee are in part a translation of the work and partly abridged gene- 
ralization of the same. 

He notes the original constitution of the surface of the country as 
it was in early historic times ; the rivers and their basins ; the forma- 
tion of the soil or bottom-lands along these streams and at their 
months; ti>e origin of the deltas and of the sand-banks aud sand 
dnnea; the artificial drainage and its methods; the rainfall and the 
evaporation from the soil ; and the r^nlation of the waters by admin- 
istrative bodies. Following these diapters there is a review of the 
general topographic divisions of the Netherlands, and appendicee con- 
taining notes of artificial inundations and the system of military 
defense by means of the sea. 

FOBHATION OF THE BUBFA.CE. 

The surface formations of the Netherlands are nearly all either 
alluvial or diluvial, belonging, therefore, to the later geologic periods. 
The latter constitutes 41 per cent, of the total area and the eastern 
{tart of the kingdom. It is overlain in the western part by the more 
recent river and sea deposits, which are here classed as alluvial or 
■alluvium. It consists almost wholly of sand, gravel and ooU)le- 

"NederlBDd aU Polderlaod, Ziitfei), 1684. 
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stones, aod ia in part of -Scandinavian origin. Tlie sonroe of a part 
of it may be referred to eastern and soatliero Germany. The sands 
are sometimes styled the loess depOBits. 

The fen-lands upon the sands, gravels, &o., have a black, peaty 
surfaoe and extend over large areas. In them the peaty beds are- 
twelve to fifteen feet thick in some cases. This deposit has been- 
formed by the partial deoompositioa of aqnatic vegetation in -vret 
places or badly-drained localities. The so-called high fens are those- 
npoD higher grounds, which have originated in the growth and decay 
of snoh plants in woodlands, and where the &llen wood has been' 
added to the peaty layer. When drained, such land sinks consider- 
ably. The maiah fens are the aocumnUtion of more exoloeively 
v^ietable matter from the growth of plants in lower gronnds and in 
the still or stagnant waters, and in the open country. 

From many oircnmstances it would appear that ages ago th&- 
westem part of the Netherlands was a kind of inland sea, similar in 
origin to the so-called "haffa" of the Baltic ooast of Germany.. 
This " haff " embraced what is now a pert of Flanders, Zeeland, 
Holland, the present Zoider Zee and the low lands of Frieeland and 
of Groningen, and it received the inflowing rivers Sobelde, Mease,. 
Bhine, Ems, Weser and Elbe. It is possible to (race the boundary 
of this sea and note its depth, in the oocnrrenoe of fossil shells, which 
are found at depths of fifteen to twenty feet below the level of the 
ordinary flood tides. The sands of the old sea-bottom rest upon the 
older dilnvial or drift beds, also of sand. A layer of day deposited 
upon the sea-bottom made the fertile soils of the province of Holland,, 
found in many of its drained lake basins, and the sea-clay beds aie- 
the nuelei of the islands of Zeeland and of South Holland, as well 
as of North Holland and parts of Friesland and Groningen. And 
it seems as if they were formed in the same manner as the sea-clay 
bottoms are to-day reohumed in these provinces. 

The great difi'erenoe between the levels of low tide and of high 
tide in Zeeland occasioned a thicker deposit of olay, and hence the 
greater value of the famous clay lands of that province. Where the 
difference in height between low and high tide was less the clay was 
not as thick, and here and there the sand bottom was left exposed,, 
and hence a snriace lees valuable or less fertile when reclaimed, 
Hiese sea-lands, called "sea-polders," were among the first to be 
reclaimed or impoldered. In Zeeland they date probably from the 
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twelfih centQr;.* Tlias Zeelaad and Sonth Holland were ori^sll^ 
<x)iDpoBed of groaps of iaIaDds whioli have been gradually joined hy 
diking in the intermediate waterways and sea. Walcheren was made 
up of ten islands origiDally, The older map shows these islands, and 
the large map of the Wateretaat shows tbe accretions of land thus 
made hy man. 

In these districts where the waters were comparatively qniet there 
were the acoumnlatioDS from die growth of water plants, at the levd 
of the waters, and what are known as low fens were there formed. In 
-some places mud was deposited upon these fens, as can be seen in the 
wide strip alcmg the great rivers and waterwa}^, and in the alter- 
nating layers of olay and peat. These alluvial lands along the rivers 
«re known as the river^clay in the geological classification of the snr- 
&ce, and ctHistitiite wide belts of fertile soil between the Rhine and 
the Maas, the Maas and the Vaal, and elsewhere near the rivers. 
There are patches of coarse gravel and of sand and gravel also, 
'brought down by the rivers ages ago, and which are now under cnlti- 
vation, but generally the gravel and sand are found covered by clay 
'to the depth of three to six feet 

If, as to the low-lying alluvial and diluvial lands, account be taken 
of the Baud of the coastal belt of dune hills, which has been thrown 
up by the sea, it is easy to appreciate, as Staring says, that the ex- 
pression " the Netherlands has won its land from the sea " must be 
>tsken as a poetic outburst, which puts a part for the whole. 



POLDEBS AND LAKE-BABINB (dBOOQHAEEBYEN) J TH&IB 
OBTGIN AND APP&AEANCB. 

As early as the times of the Bomaus dikes were constructed, but 
iihey were used by the Komans themselves mainly as means of com- 
munication. The land, whose uppermost deposits were not as yet 
artifi<na11y drained, must have been about on a level with ordinary 
high water, both in the low fens and in the allavial sea-day lands. 
At higher (ides it was oversowed. Only the higher diluvial grounds 
and the dunes and the geeat-laniU were inhabited, and thence the 
hunter and the fisherman ventured forth into the fen-lands, covered 
with high forests and low underbrush, traversed and studded with 
nnmberless pools and lakes; and the keeper of cattle ventured, par- 

" W. C. H. Staring | " VoormiiaU en Thani," p. 162. 
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lumlarly in the Bommer time, npon the eea-claj laods, oavetei. with 
feeds and gcaea, and herded his cattle apon the driest plaoes, whieh, 
by the ud of the cattle, became a few feet higher, growing to 
'"terpen," or knolls, even as they may be found to this day in Groa- 
ingen and Friealand and on the Zeeland islands. The forests upon 
■the fens were in part felled. The sea-clay lands, when their great 
fertility became known, the inhabitants learned to cultivate upon 
■artifioially-conBtraoted elevations, and along the borders a few villages 
and towns arose. In the times of the oonnts, the earliest of them, 
who owned a little territory, began to enconr^ the diking of oertain 
Areas. Without the least concert of action and sxolusively to serve 
private and local interests in so &r as the land beoame more thickly 
populated, oertain portions were gradually surrounded with dikes to 
protect them against inondstiona by the waters outside, in oonneotion 
with which many disputes must have arisen. 

The first dikes were overflowed by extraordinarily high tides and 
were often broken down. Those who oonstmctad them remained 
owners of them and obtuned rights in the lands protected, bat thfT' 
were required to keep the dikes themselves in re^iair. Thus originated 
the dike rights, which the count alone could bestow, while he always 
retMned the highest jurisdiction in re the dikes for himself, even 
when Bubeeqnently epedal officials were appointed cbai^;ed with the 
fiupervision of the dikes. Before the eleventh century there were 
probably no dikes or dams except in West Friesland (now North 
Holland), whidi &ot is derived from this drcametance, that before 
this time not a ungle name occurs there of a place ending in dyJce or 
•dam. 

In Holland, Count William Second and Floris the Fifth were the 
£tet to institute numerous and effective measures in the interest of 
dikes and the watergtaat in general. The more important dikes 
along the great rivers, for the purpose of holding back the waters of 
the latter, came into existence possibly between 1200 and 1400, 
Although not as yet on the scale of the present ones. 

There was no united action in the oonstmction of dikes until the 
^:reat water associations or water oommiasions (waterstdiappen) were 
f<nrmed — that is, associations of landed proprietors, with common 
interests regarding protection against outside waters, the removal of 
the inside waters, <&c As the government of the country grew in 
«trength more associations were formed and received great powers. 
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even to the privilege of jadioial pDoishment in case of the trana- 
grtssion of the regnlationa of the waterachapptn, &o., and in general 
the government concerned itself more with the aaUrgtaat. In 
Holland, probably Woerden and the Zwyndrecht Waard are the 
moat anment VHiterMhapptn. Th^ date back to the early part of the 
fourteenth century. Within the principal dikes for holding back the 
ODtside waters the fen-lands (those oovei«d with river deposits) were 
sarronnded in part with dikes in the oonrse of the fourteenth, still 
more in the fifteenth, and particolarly in the sixteenth century. 
This shntting off of the river-waters was done in order to control 
completely the waters within the limits set off. The dikes prevented 
the access of water from without, while its exclusion made it poeeible 
to remove the water behind them. At first the latter work was doD» 
very imperfectly, but with the improvement of the wind-milt it» 
accomplishment was more satisfactory. When the diked feu-lands' 
were freed from the miters which felt upon them and the water was 
kept, aa far as possible, a few inches below the surface of the ground, 
the spoDgy soil, which liefore held great qnantitiea of water, settled 
to a considerable extent. In this manner all the fen-lands and those 
along the old river channels, and which were covered with a more or 
lees heavy layer of river deposit, were ^sdnally surrounded in oon- 
tigaoos sections with dikes. They thus became poldera, and their 
Hurfaces sank to levels from the Amsterdam datum to about twO' 
metres, or more than six feet, below that datum-plane. 

Most of the polders ori^nated probably after 1600. At that 
period the water-defensea along the great rivers and the sea wer& 
already quite capable of controlliug these under ordinary oircnm- 
stances, but at that time it was still necessary, in order to keep the 
country within the great dikes drained, to shut this off in sections^ 
and where it did not adjoin the liigher levels of the dune areas, by 
means of supplementary inner dikes. 

The fen- polders formed in this way are so low, on aocoont of their 
subsidence, that tbey need to be drained artificially, that is to say, the 
water falling upon them can be removed only by raising it by artifi- 
cial means. They lie generally at about five feet below the level of 
the Amsteidam datum ; in the neighborhood of the dnnes they range 
from zero to three feet below A. P. (Amsterdam datnin)^ The lowest 
are over six feet below this level. The older fen-layers, which are 
partly covered with river-day and are entirely converted into polders^ 
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are geoerally at -a higher level, or from 1.6 to 4 feet below A. P. 
In the yioinity of Delft the lowest polders of Holland are at an 
average of six feet below the Am^xidam datum. 

In many polders of the fen deposits of Holland the peat has in 
the lapse of Ume been all dug out, and these polders are said to have 
been disfenned. The layer of peat, from seven to thirteen feet thick^ 
was valuable as fuel. In this way some polders were converted into- 
shallow takes or pools of water and remained such. This sort of 
fen removal, where there is do obligation upon the owners to drain- 
the lakes thus ori^nating, is do longer permitted. The transient 
benefit of making peat may be followed by a far greater advant^& 
of a permanent nature in the removid of the water and the cultivation 
of the old sea-bottom. Therefore, for a long period no permission 
has been granted to remove the fens except under the condition oC 
draioing the basin subsequently. At present, in order to meet the- 
cost of draining, a fund mnst be ooUeoted from the sale of the peat,, 
and there must be a guaranty fand also for the proper removal o{ 
the fen, the constmotioD of Burrounding dikes, the pumping out of 
the water, <&a, during the time that the land is being gradually ood- 
verted into a lake. After drunage, all charges are paid by the- 
proprietors and the guaranty fnnd is returned. 

There are lakes, such as formerly the Harlem lake, the South Pool,, 
and the great multitude of lakes in North Holland, as the Purmer, 
the Wormer, the Schermer, the BeemBter, i&o., from which the fen 
has been removed in part or wholly by the action of the water in- 
storms in the course of centuries. 

If these lakes have a good subsoil, which is generally the case^ 
they are drained not only for the profit from the peat, but for the 
sake of the soil thus gtuned, and also because these lakes are some- 
times sooroes of danger to the adjacent country. Thus, in November,. 
1836, the Harlem lake was blown over its banks to such an extent 
that it threatened Amsterdam, and in the latter part of the same year 
it overflowed its borders in another direction and inundated 20,000' 
acres of land and a part of the city of Leyden, The bottom of the 
dnuned lakes oonsists in general of a layer of sea- clay, from three to- 
six feet thick, bat in some localities the layer is very thin, and larg& 
spots are occasionally met with where the sand lies exposed — th» 
original floor of Holland's inner sea. 

Droogmakeryen are polders from whidi the torf has- been removed 
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l^ nataral or srtifidal means, and generally are depiesBiona with the 
bottom at a level of twelve to eighteen feet below the Amsteidam. 
-datum. 

After druDBge these lands also show a Bnbsidenoe of the sorface, 
'eapedally when some thin, peaty sabatance rests on the bottom. A 
droogmakery is thns always a polder, bat a polder is not always a 
droogmoMery. 

The oldest one in South Holland is the Zoetermeer polder, east of 
The Hague, dnuned in 1614. By far the greater part in this province 
dates from the eighteeoth and nineteenth centnriea. 

In North Holland, the moat important of these drainage works 
originated during the rise of the republic, 1610 to 1650. 

Some of these druoed districts have been inundated and drained a 
second time, and a few more than onoe, as, for example, the Bylmer 
lake. The Naarder lake was inundated in 1629 for the defense of 
the country, but was not afterwards drained. 

In druning these lakes, the first work is to separate them from the 
surrounding land and water. This is done by oonstruotiog a ring- 
dike aroond the lake or by utilizing the high roads or ijanks already 
-in existence, slier improving them and rmsing them somewhat The 
earth for the ring-dike must sometimes be brought in part from else- 
where, bat it is generally obtained by di^^ii^ a trenoh, mnning all 
along the ring-dike, on the outside of it, which also serves as the 
-means of oommunication, instead of that broken off by isolating the 
lake. This ditch receives the water pumped out of the lake in the 
process of draining, and during the subsequent cootiouons ezhaastion 
of water to keep the polder dry. Sometimes the water is transferred 
•si once to other already existing streams, to be conveyed by them 
towards the open river or to the sea. Many difficulties are often 
encountered while the work of draining is in progress, mostly of a 
-technical nature, among others is the circumstance that buildings 
standing upon land in the immediate ne^hborhood of the lake, or 
'Upon the islands within its circuit, are in danger of oollapsing, as the 
bottom whereon they rest will miss the resistance of the water after 
-ihe drainage. Precautionary measures are therefore necessary, or 
else compensations for damages. There is also need to provide in 
other ways for the drawing off of the polder-waters if the lake to be 
drained had served as a receptacle for the water from polder lands. 
A^aio, aocount must be taken of the &ot that in case the ground 
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under the ring-dike ia of a sandy natare, the water will percolate 
back tuder the dike into the polder again from its higher level in 
the ring-trmck. 

Drainage was effected fonDerly by meana <^ water-mills driven by 
the wind. At preeeot the work is done mneb more speedily by 
means of steam engines. These engines serve later for keeping the 
{(older dry. 

As soon as the sarfaoe begins to appear a commencement is at once 
made of parceling oat the pold», that is to say, the dicing of the 
necessary drains or ditches, wfait^ cat np the polder into r^;ular parts 
^paroels). The drains (or ditches) are intended to condnct the water 
falling opon the polder conveniently to the draining (pumping) 
«ngines, which stand sbont the circumference, and which are to keep 
■the polder-waters at a givtn level below the surface of the ground. 
The mill-drains, from 26 to 39 feet wide, run direct toward the 
■engines; the water runs into these through drain-ditches, from 19 to 
26 feet wide, and at eqnal distances from each other ; crossing these 
«gain are the parcel ditches, 11 to 16 feet wide, at distances of 100 
to 200 metres apart, which, with the dnun-ditdieB, determine the 
*' paivela " or lots. Between the tots or parcel-ditehes, and parallel 
to them, there are division or fence-ditches, 3 to 4 feet wide, which 
-divide the parcels into three or four lots each ; and finally between 
these and parallel to them are the gntters, about a yard wide. The 
last-named divide the lots into fields or meadows, and facilitate the 
linking away of the water. Thesupeificies of all the ditches amounts 
irom to one-tenth to one-twelfth of the entire polder. The first 
harvest (usually of oolza), mostly very abundant, is obtained by 
bending down the luxuriant weeds, oovering this with the slime from 
the ditches and then sowing. 

The South Holland and Zeeland islands are formed of sea-clay, 
{gradually deposited to the height of high water in the very wide eetn- 
-aries of the Shine, the Scheldt and the Maas. The clay lands of 
JFlemish Zeeland and in North Brabant, those from Geertruidenbe^ 
to Bergen-op-Zoom, were thus formed by depodts from the sea. In 
North Holland these lands form the Drechtedand district as the 
-oldest nucleus (of that province), and in the north the Anna-Paul- 
owna Polder, the Wieringer Waard, and part of the Zype and the 
£o^;ra8, &o. These polders, however, especially the two last named, 
•can be compared in value with that of the heavy day of the Zeeland 



id by Google 



340 ANNUAL REPORT OP 

ialands. The alight diSfcreuoe between high and low Vater in the- 
Zuider Zee has occasioned the formatioii of a very thin layet, and 
here and there none at all or eand only, so that the bottom in sacb- 
places waa nothing but bare sand. Again, sea-clay deposits oonstitute- 
the clay lands of Texel and Wieringen islands, and of the broad etrip- 
of land in Friesland and Groningen along the Zuider Zee, the Wad- 
den and tlie Dollard, where, as in Z?eland, new territory is still in 
onr day oonstontly reclaimed from the sea, in connection with which- 
the depoflit of clay at low tide is promoted somewhat by artificial 
means. * * * 

Exclusive of this sort of reclaimed lands, sach as the Drecht«rlaod 
district of North Holland, and those in Frieeland and Groningen, 
where monnds indicate the existence of a popalation in very remote 
times, the sea-clay districts, conquered irom the sea, amount txy 
840,000 acres (360,000) hectares. 

If these clay lands are surrounded by comparatively low dikes, as- 
is still done in the Biesbosch (southeast and near Dordreoht), they can 
be sown and harvested only at certain times of the year, being for the 
remainder of the time submerged, whereby the level of the surface is. 
raised and their fertility is increased. 

All these clay lands are thus also polders, sometimes called sea- 
polders to distinguish them irom the others, and more generally still 
called bedykinffen (diked- in lands). 

From a bydrographio standpoint there is in general no difference 
between sea-polders and other polders. The former, however, are 
often drained directly into the sea or the main rivers, whereas in the 
case of the latter this cannot generally be done. The most of the 
sea-day polders get rid of their accumulated waters through natural 
channels, in which respect they differ from nearly all twn-sea-potdera^ 
whose waters most be raised and dischai^ed by artificial means. The 
more recent sea-polders, and those which are still daily reclaimed, have 
so high a snrface-Ievel that they can dischai^ their water naturally 
at ebb tide, being mostly above, or at, or not much below high-water 
mark. The older ones, however, have settled considerably, like the- 
fen-polders, and to a depth of about six feet below the Amsterdam, 
datum. This shrinking, in some very recent polders, formed in^ 
estuaries where no very high tides occur, requires the use of steam- 
engines or wind-mills immediately after their formation, in order 
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4o raise and dificharge their water. The simkea sea-poldere oooupy, 
therefore, in this respeot, the same positioa as the fen-poldere and the 
river-claf polders. 



ATMOePHBEIC PBECIPIXATIOH AND BVAPOBATIOIT. 

From observations made on the rain&ll at Zwanenbnrg, near 
Amsterdam since 1743, it is found that there is on an average eight 
inches more of rainfall than of evaporation. In the months April 
to AagoBt, inclosive, the evaporation is usaally in excess of the 
rainfall. Bat the amoant of water to be raised is dependent upon 
the rainbU per month, or in a given storm, and has no reference to the 
«moanl: which may be evaporated. 



DBAIKAQB, OS BEHOVAL OF THE WATEB. 

On aooount of the low situation of most of the polders the water 
iias to be removed by artificial means, and in. the case of many the 
'«zce88 of water has to be raised to a great height, since the lai^ 
rivers and the sea are from fifteen to nineteen feet above the level of 
the water in many polders, that is, in most of the druned lake-basins. 

The sea, or the open rivers flowing into the sea, which in the end 
receives all polder-water, is termed, generally, the " outer water." 

All the other bodies of water in the provinces of North and South 
Holland and Utrecht, west of Vecht, are land-looked, and are called 
the "inner water." The height of the onter water may render it 
impossible for the inner waters to be discharged into them, except at 
low tide. Where steam engines are in use, as they are at all important 
points, this dischai^ is possible at ordinary tide-levels, and extraordi- 
nary tides only can interfere. 

The inner waters, falling into the polders and drained lake-besina 
«ink into the soil to the level of the ground-waters and then flow ont 
into the guUera, ditches and drains which traverse the polder, and of 
which there should be a great number, equal to one-tenth or one- 
tweltth of the surface of the polder, in order to carry off the water 
properly. In these ditches the polder-water most be kept below the 
«nrfaoe of the ground from twelve to twenty inchee for pasture or 
tneadow, and from twenty inches to three feet for grain-fields, so that 
4ihe roots may have sufficient moisture and yet not be constantly in 
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the water, Especiitlly towards spriDg the effort maet be made to 
maintaio this level, which level ia cdled the aammer level of the 
polder, and it diffen for each polder aooording to the height or the 
me to which the ground ia put, and for most potders it is officially 
determined by the directing or controlling body which nearly every 
polder poBBesBee. 

In many polders there is also a winter level, lower than that for 
the snmmer, beoaoBe in winter there may be a great increase in the 
Yolnme of the water within a short time. Id some polders the wintec 
level is as low as the bottom of the ditches. 

As soon as the water in the ditches b^ins to rise above the proper 
levels the water of the polders which cannot be discharged naturally 
is at onoe pumped up into the outer water. As not all of the polder- 
land lies immediately near the outer water, provision must be made 
for pumping its water into a basin at a higher level which is quite 
shut off and still. This consists of canals expressly dug for that 
purpose, the ring-trenohes around some polders, used mostly in drain- 
ing lakes, of ship canals, or of former rivers, such as the old 
Rhine, the Amstel, <&o., which, from the very use thus made of them, 
have lost the character of rivers proper. 

For the most part more than one and frequently a great number of 
polders have their waters pumped into such a system, so to speak, of 
elevated waters, whose surlace has a common level. The water 
elevated above the polders, shut off by locks, and into which the 
polder-water is pumped and held temporarily, is called a "boezem." 

In case of large boezems, there is sometimes some inter- commanioa- 
tion, especially where at one end they have a great inSnx of water 
from other boezems, running streams, i&c., while at the other there is- 
a great outflow. 

All lands discharging their water into a certain boezem are said to- 
belong to it, as, for example, the Amstellands boezem, &c., and we 
might call these lands, therefore, the water-shed of these boezems. 
Many lands have no boezem, but discharge (heir water directly into- 
the rivers or into the sea, as in the Zeeland islands. It may also be 
noticed that some boezems are utilized by a great many polders, as the 
Bhineland boezem. 

It is understood that the elevated boezem waters must be confined 
within banks or dikes. 

From the boezem the water is discharged into the outer water at ona 
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or more points. Thus, all of the Shineland region dischargee at four 
places. What this discbarge signifies may be iuu^ned when it is 
stated (hat more than 7,000,000 cubic yards are pumped daily into 
the Kbineland boetem and then discbaiged. 

Where polders lie low, polder-water cannot be immediately pumped 
np into the boezem, and in that case it is done by intermediate boezems. 
The water ia pumped from the lower to the higher and discharged fronv 
the highest into the outer water. 

When the direct discharge from the boezem into the outer water ig- 
impoBsible, a higher basin is constructed, called the high boezem, which 
is lai^ enongh to permit the engines to pump the water &om the 
lower boetem nnintermptedly, even when the state of the tide keeps- 
the latter shut. These high boezems disobai^ when the water is low 
OQtaide. 

WIMD-MIUa — BTEAM SKOINES. 

The ditches of the polders are crossed by broader ditches and open- 
drains, as was noticed in the description of a droogmakery. Some of 
these drains, broader than others, and from 2d feet to 40 feet wide^ 
called " mill-drains " or " pump-drains," whioh have free oommnni- 
cation with all the other polder-water, run directly towards the 
pumping-stationa. 

The mills at these stations are usually placed at the lowest point of 
the polder, either immediately on or near by the boesem bank, ao- 
that the water may readily flow towards them. Large polders have 
pumpiug-eDginea at several points. 

In the caae of droogmakeryen and of some deep polders the mills - 
cannot raise the water at once into the enter ditch or boezem. Then . 
the mills are placed at different levels and raise the water from one to- 
another; this occurs usually upon two or three different levels, with' 
one mill upon each, the successive mills being called a " gang." 

Two prindpal kinds of wind-mills are in use, the screw-mills and 
the scoop-wheel mills ; the latter are divided into mills with upright 
and those with inclined scoop-wheels. 

Scoop-wheel mills and screw-mills are mach used. The latter are 
Qsed mostly in Korth Holland, Friesland and Groningen. The 
scoop-wheel mills are the oldest sort of pumping-engines, the earliest 
drainage works having been effected by their use. They can raise 
water about five feet at the utmost but less effectively to a height o£ 
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six feet. Screw-mille can raise water ten to fifteen feet. Sorew-iuills 
are coming more and more into nse, and in many plaoee they are 
being sabetitoted for acoop-wheel mills. In Friesland the Borew-mill 
is used almost exdosively. There are occasionally jnunpin^r- mi^b, in 
-which the water is raised by suction in a cylinder ; they can raise the 
water to a height of twenty feet, but they are used very little because 
-of the difficult in converting the rotating motion of the mill axle 
into the np-and-down motion of the pumps. 

It is known that in the case of the larger wind-mills, in general, 
-only the cap with the axle and its attached beam are set to the wind. 
The greatest length of theae beams, called thdr flight or sweep, is 
about 100 feet 

The common lai^ wind-mills are built of wood or brick, the 
former costing about |12,000, the latter a little more. 

The number of mills depends upon the volume of water to be 
raised, the height, and their capacity. In order to give some definite 
ideas on this subject it may be stated that in the case of free boezems 
& mill of 60 feet sweep is able to take care of 1,600 to 1,700 acres, 
■and in case of dosed boezems of 1,360 to 1,500 acres, per one metre 
in height to be raised. In Ehineland there are abont 260 water 
wind-mills for the 145,000 acres, exclusive of the Harlem lake pol- 
der which is controlled by steam engines. This statement, however, 
has little significanoe, as no matter how small a polder is it must have 
at least one mill, unices its water be dischai^ed by a neighboring 
polder. 

At present steam-pumps are coming more and more into use, not 
only for dischai^ing boezems, but also as polder steam-mills to move 
the polder-water. Where the height to which the water most be 
raised is great and the polder is of lai^e extent, steam engines may 
replace wind-mills with profit. One great advantage over the latter 
is in the faat that the removal of the water is not dependent upon the 
strength of the wind. According to ofBcial records kept near Ddit 
there appear to be only 130 fnll days of 24 hours which have suffid- 
«ntty strong winds for working the mills. 

The cost of fnel and attendance is not alt(^ether of^t by the 
economy in the use of the wind, and it has happened that the low- 
lying, Harlem lahe polder, whose waters are drained by three steam- 
ffiillfi, had not the least trouble from an excess of water when the 
polders lying aboot it mnoh higher in situation were in a fioating 
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'XxntditioD. An ol^ection to BteAin-milla in the case of closed boezems 
is that while it (t^ea much time and fuel to aet them going, the dis- 
charge may be so quickly effected that there is a loss in fuel aod cost 
of attendance. A polder steam-mill has nsually to be operated fifty 
dajm in the fAar, on the average; in normal conditions and under 
UD&vorable oiicumstanoes, as much as sixty or seventy days. 

The number of ateam-mills has been greatly increased within recent 
years, espetnally in the provinoes of Utrecht and North Holland. 

In oertain months of the year, particularly from April to August, 
when the evaporation exceeds the rainfall, there may be a lack of 
water in the polders, and then water must be allowed to flow into 
-them to provide which the boezem muBt be supplied in advance from 
the outer water. 

The letting in of water irom the boezem, or from the outer water 
into the polder, is usnally effected by means of specially arranged 
fiood-gates or small conduits which are laid along almost every mill 
and which contain a gate that can be opened in order to let in water. 
In the case of scoop-wheel mills the little guard-gates can be forced 
open, when Uie water will always flow back. Screw-mills sometimes 
have valves in the sluice-gates and when they are drawn up the water 
flows back. Sometimes there are conduits or channels for letting in 
water apart from the mills altogether, as in the Harlem lake polder. 

If the boezem itself has not sufficient water to supply the polders 
they are provided with a supply from the outer water. At the three 
pointa which the Bhinetand-polders have for the introdncdon of water 
there was allowed to flow in 167,000,000 cubic metres of water in 
1868, and during a period of nine years an average of 49,000,000 
<!ubic metres per year. 

The oonditions in Holland are not alt(^ther similar to those of onr 
New Jersey coastal plain. The Dutch have a country lying at the 
mouths of large rivers, which tor ages have been carrying materials 
from the higher lands of Germany and of eastern Franoe and Belgium 
towards the sea and depositing them where the current was slackened 
by the incoming waters of the ooean tides, or in the great inland or 
interior sea which lay between the coastal line of dunes and the older 
drill formations on the east. The accumulation of sand, gravel and 
«lay in these comparatively quiet waters has taken place over a belt 
jnany miles wide, as can be seen by a reference to the maps of the 
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Netherlanda which show the topc^raphic featnres of the coimtry- 
The distribntion df these yarioos kinds of nutemls has, of ooarsej, 
been determined by the linee of cnrients, along which the coarser 
sands and the gravels have been spread, and the areas of more quiet 
water where the days were lud down. These lai^ streams have 
brought down an immense quantity of both coarse and fine material,, 
and the latter has been spread over a wide sea-bottom. 

On our New Jersey coast there are no lai^e streams flowing to the- 
ocean. The Delaware is not comparable with the Shine, nor the- 
Raritan with the Scheldt, although both of them transport a great- 
deal of fine clay from thdu* water-sheds into the bays of the same- 
name. The other Atlantic coast streams are not rapid-flowing and 
carry mneh less material in suspension, partly owing to the forested 
nature of their territory. The sediment thus bronght down to the 
sea by these streams is therefore not comparable to that of the lat^ 
rivers whioh flow acaroes the Netherlands, and the accretions from this^ 
source are apparently small. Nor has it been o£ considerable extent 
since the last glaoial epoch or within the Pleistocene time of geologists. 
There is no evidence that it has been important within the hiBtorio- 
period, as waa the case in the Netherlands. 

The belt of tide-marsh land along our coast, within the dane bills' 
and lying at tide-water level, is comparatively narrbw, being from 
one-half to seven miles wide. 

Another difference between oar tidal-marsh lands and the lowlands- 
of the Netherlands is in the greater extent and thickness of the' 
deposits of peat in the latter country than in the wet lands of our 
coastal belt The accumulation of peat has not been of importance 
as a deposit anywhere except iu some of the swamps which are ou the 
higher parts and above the level of tide, and in them there is so- 
much woody matter from the fallen timber that it is not a true peat, 
but rather what may be called muck. In the Netherlands there are 
large deposits of true peat, where it is dug and is used as fuel. The 
removal of the peaty layer leaves a more solid earthy formation as the 
basis of a soil. It may be sand or gravel and sand or clay. The clay 
makes the more fertile lands for agriculture. They are known as sea-clay 
and as river-clay lands, according as they have been made by deposi- 
tion of clay in the sea or lakes or along streams and in stream valleys. 
The tidal lands of New Jersey are clay, clay and peat mixed, and 
peaty or swampy bottoms. Wherever trees have grown, as for 
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example, in the cedar-ewamp which bordered the Newark turnpike- 
between thfl Passaic and the Haokensack rivers and the FeonBylvanift 
railroad, there was an accumulation of v^table matter, largely in 
the form of fallen timber, with the sediment bronght in by the 
etreams, and the blue mud is there found mixed with more or leas- 
peqty or woody matter. On the lower land and where the surface wss- 
open and exposed to overflow of the salt or brackish water, and where 
trees and shrubs would not grow, the waters deposited the fine silt or 
clay. This depoeit is known as the bine mud of the meadows. 

The average yearly rainfall in the Netherlands is 27.4 inches, or 62 
per cent, of that of New Jersey. Hence the amount of water to be 
raised &om that sonroe alone wonld be proportionately greater than 
it is there. The average loss by evaporation is greater from March- 
to September than the rainfall, and the pumping is then reduced to a 
minimum. Water has to be let in from the canals to maintain the 
proper level in the canals and in the ground for some crops. The- 
heavier and more torrential rains of onr summer storms, although in 
part offset by greater evaporation due to greater summer heat, would- 
make it necessary to provide lai^r pumping power than in Holland. 

As in the Netherlands, there is an important difference between the 
clay or blue-mad areas of the meadows and the swampy bottoms or 
where peat and clay are mixed, and in the reclamation of these low- 
lying lands this distinction is to be noted, ^inoe the same methods are- 
not applicable to all. The clay lands are more readily reclaimed and 
made arable than the peaty portions. 

The tracts of tide-marsh land in the State may be grouped ii>' 
several well-marked natural divisions, as follows: 

1. Haekmaaek and Newark meadows. — From Newark bay the- 
tide-marsh extends northward, in a belt about five miles wide, stretch- 
ing west from the Hackensack river to the Arlington ridge. To the 
north the belt is cut into two parts by a tongne of upland at Secaucus,. 
and the Snake hill marks the southern eud of this uplift in the 
meadows. Englewood and Hackensack are about the limits of this- 
tract of marsh land. The meadows southeast and south of Newark- 
and bordering Newark bay on the west to Elizabeth, are properly &> 
part of this natural division. The Passaic and the Hackensack rivers- 
flow through tidal lands and reach the Newark bay in it. Area^ 
26,890 acres. 
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S. EiU von KvU and Woodbridge meadows. — There ib a strip of 
mareh of irregnlar breadth, boidering, as a fringe, the upland from 
Elizabethport southwest to Perth Amboy. Woodbridge creek flows 
throngh it. The area is 4,252 acres. 

S, Baritan river meadows. — From New Broiiswick to the month 
of the Ruitan river there is a nearly continuons belt of tidal-marsh 
land. A part of the same tract runs ap along the South river to 
Washington. The large body of it is north of the river and opposite 
Sayreville. Area, 4,715 acres. 

4' Cfuaquake ereek, Malavan ereek and other em^U tracts on Bari- 
tan bay. — These tracts are indentations of the upland, from one to 
three miles in length, and roughly triangular in area. The aggr^;ate 
«re& is 3,682 acres. 

5, Atlaniie eoast belt. — Along the ocean the upland reaches to the 
-water at Iiong Branch and there is a notable absence of the dune- 
range or beaches and of tidal meadows. Excepting some small tracts 
fringing the sides of the streams where they widen out into shallow 
bays, as along Shrewsbury river and at Sea Girt and Manasquan, 
there is no marsh on the eastern Monmouth coast. The main body 
«f marsh land may be said to stretch southward from Point Pleasant, 
«nd to be continuons to Cape May. From it there are wide arms 
Tunning up along the Mullicaa and the Great Egg Harbor river?, and 
shorter and narrower stripe along the smaller streams. A feature of 
■this coastal plain is the range of sand hills or dunes, known as beaches, 
vhich border the ocean and stand in front of the meadows. This 
range is narrow, generally less than a mile in breadth, and nowhere 
more than three miles. The hills are lower and the range is narrow 
AS compared with the coastal range of dunes of the Netherlands. 
Many small bodies of wat«r, bays and sounds and thoronghfaree lie 
in this belt of marsh land, and the Bamegat bay, Great bay. Great 
Egg harbor, Abseoon bay, Leaming's sound are some of the larger 
water areas in it. Nearly one>half of this division is occupied by 
ihe surface of these many bodies of water. The area of land surface — 
that is, of tidal marsh — from Point Pleasant to Cape May, is 151,012 
acres. The widest part is along the southern end of Burlington and 
the eastern side of Atlantic counties. From Absecon to Atlantic 
City it is five miles across the belt, and it is nearly four miles wide 
^1 the way thence southward to Cape May, 

6. Delaware bay and Delaware river. — The marsh lands included 
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ID this division are in aeveral separate tracts along the latter creeka 
and rivers tribntary to the Delaware from the Crosswicks creek, near 
Trenton, eonth to the bay. They are generally narrow, although in 
some cases they extend up the streams several milee. Along Salem 
ereek the marsh hegma at Course's Landing and oontinueB for twelve 
miles along it to the river. The CohatiBey and the Maurice rivers 
also are remarkable for the long distance through which they flow 
between tid^msrsh borders. The upland border is unlike that on 
the Atlantic side of the State in its greatly irr^^lar course, and 
necks and points of the upland extend far into the meadows in places, 
separating long, bordering stretches of tide marsh. There is an 
absence of features of sounds and bays and, to some extent, of tidal 
channels, known aa thorongh&res. The streams from the upland 
meander through the more solid meadow land. The outer border or 
reef of sand is also here wanting and there is no sand-beach of notable 
extent as on the ooean side of the State. The greatest breadth of 
this belt of marsh is at Egg Island Point, Cumberland county, where 
it is five miles wide, from upland to bay. The aggregate area of tide- 
marsh lands along the Delaware river iVom Trenton to Salem is- 
26,767 acres. Between Salem and Cape May the area is 79,282 acres.- 
The total tdde-marsb area as thus grouped is as follows : 

1. Hackensack and Newark meadows 26,890 acres. 

2. Slalen Island sound and Woodbridge 4,252 " 

3. Raritan river 4,715 " 

4. Chesquake, Matawan, Baritan bay 3,582 " 

5. Atlantic coast belt 151,012 " 

6. Delaware river and ba; ~ 106,049 " 



There are great diSereooee in the degme of exposure to the force of 
the storm-tides and to wave action in these several groups — thcee 
which lie along the tributaries of the Delaware being least exposed to 
such agency. Along Delaware bay the tidal action is lees energetio 
and violent than on the ocean front. The Hackensaok and Newark 
meadows also are more distant from the inrush of storm-tides, and 
therefore more protected, although the rise of tlie tides is probably 
as great as on the more exposed ocean front, and in the Atlantic coast 
belt or division there is a wide difference between the localities, as for 
example, the meadows along the streams and those on the larger - 
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-soundB and bays. Again, the dane hilla serve to protect, in a notable 
-degree, the fi-ioges of marsh which lie f^iust tb&T inner eide. 

The character of the^e marsh lands, viewed from the etandpoint of 
reclamation, is afiected lai^y hj the shape of the land areas and the 
location of the water. In parts of the Atlantic belt, as in Cape May, 
there are so many bays and sounds and snch a network of tidal-waters 
that the water front or border bears a large ratio to the land area. 
This feature of ezc^sive tidal-ways is to be seen in all of these gronps 
-and there is a wide diversity in this respect within short distances or 
in adjoining tracts. The meandering coarees of some of the creeks 
make double the actual length of the stream in many cases — as the 
Oohansey creek, the Salem creek, MuUicos river and others. This 
feature would, of course, involve a oorrespondingly laif;er expense in 
constructing dikes and in maintaining a defense gainst the outside 
waters. The facility of the dischai^ of the water from the reclaimed 
-or embanked plots and tracts is, however, promoted by an iucreased 
flutflow line and a lai^er number of sluice-gates, possibly where there are 
many streams and a longer water front. For dischai^ by means of 
, pumps this condition might be favorable rather than obstructive. 
Where heavy and expensive banks or dikes are necessary, the increase 
in length of waterway and water front means an increase in expenses 
of construction and of maintenance. 

An important difference in conditions is in the nature of the soil 
and subsoil and underlying deposit. Where the meadows or marshes 
are of clay they are more solid and less spongy and wet than those 
where the amount of vegetable matter is lai^ as in swampy tracts. 
They are soft, miry and wet, and, on drying, the residue of material, 
as a basis of a soil for pasture or for tillage, is less than it is in the 
clayey areas or tracts. As a result, the shrinkage on draining such 
swampy or peaty meadows is great, and the sur&ce settles so much 
sometimes that it is impossible to reclaim it without the aid of some 
artificial means of raising and diBchai^ing the water. Of course, 
the subsidence to the level of low tide is possible without necessitating 
the resort to pumping out the water, but below that level the natural 
drainage is no longer possible. Hence it is highly important in 
reclaiming these tidal lands to select the more clayey and solid tracts 
■and to avoid the peaty parts. 

In the Netherlands, the general reclamation projects, which have 
-covered great areas of tidal lands, have been carried forward to 
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«a(»esa by th« patient iadostiy and persistent energf of a people 
-ezperienoed in the work, but often at great ezpeoee, and in part 
'because the subeidenoe of the enr&oe baa made tbe cost of dike- 
■construction large, and the raising of the water from a lower level to 
that of tide ooireepondingly greater than in looaliUee where tbe aor&ce 
has not settled so much. The removal of tbe tnrf or peat for use as 
<foel has th.&n afforded a solid base for soil ; but the work of removing 
-the 8uperfi(»al peat has not been altogether praotioable, and the diffi- 
■eolty in Buoh case, dae to subsidence, has been experienced to the 
increase of expenditures in reclamation of the land. Tbe less value 
■of land here and the greater cost of labor makes it important to ' 
■consider oarefnlly the kind of soil and the possible shrinkage and 
subsidence upon the removal therefrom of the waters of tbe tides. 
<Tenerally, the more swampy and wet meadows are those away from 
4he waterways and tbe tide-waters and near the upland. A notable 
example is in the Newark and Hackensack meadows, on their western 
«ide, along the Arlington ridge, between the old Belleville and the 
Newark turnpikes, and also south of Newark, toward Elizabeth. 
The incoming waters seem to have deposited their sediment more 
rabidly along tbe streams and less at a distance from them, so that 
the part adjacent to the upland and furthest from the flood-tide has 
received leas of a deposit. In places the wash from the upland has 
4tt&eA the less deposition by the tidal waters. Tbe experience in the 
State in reclaiming tidal meadows, particularly in Salem and Cumber- 
land counties, has shown that tbe subsidence is in some cases enough 
4o lower tbe sur&ce to lowtide level and to make further improve- 
ment and snccessfal tillage no longer practicable or profitable ; and 
embanked meadow lands have been abandoned from this cause. 
Recourse to pumping the water by wind-mill or steam has not been 
attempted on account of the apparently great expense of raising the 
water by artifloial means. Observation of fresh-water meadows 
'ShowB subsidence in them to be a source of laige expense in their 
Teclamation, 

The advantageous location of some of the tide-meadow lands of 
New Jersey and their nearness to markets and to rulways as well as 
io tide-water or navigable waterways and channels of communication, 
is worthy of serious consideration in the general question of reclama- 
tion. In this respect the situation is not altogether unlike that of 
4he Netherlands, where the large cities of the kingdom are surrounded. 
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almoBt, b; meadows of the greatest valne as paatnre lands to large' 
herds of dairy cattle. The dairy indostry thrives on these rich graz- 
ing districts within sight of the lai^ cities. Thousands of acres of 
tide meadows in New Jersey which are adapted to pastnrage, or, better, 
to the more profitable business of market-gardening, are within a few 
miles of New York C^ty and really within the metropolitan district. 
Other tracts are along the Delaware river and bay, easily accessible 
by water to and from Philadelphia. Some parts of the Atlantic 
coast belt are not so favorably situated and their leclanution is depen- 
dent upon the oonditionB which belong to agriculture in general rather 
' than to these branches. The value of rich and fertile lands near 
Newark, Elizabeth and Jersey City, easy of cultivation and not sub- 
ject to drought, makes their reclamation a subject of importance, and 
their nearness to large city population and markets for agricultural 
products is snggestive of the experiment of reclamation in that part 
of the State. The value of some of these meadow lands for bnilding- 
sites, and its possible enhancement in view of the rapid growth of the- 
metropolitan district must not be accepted as a criterion for large tracts,, 
nor should it deter reclamation and improvement. The occupancy 
by pastures and market-gardens is not obetruotiye to city extension- 
over them in the future, as the tide of population can flow over thent 
as readily as it has done over the farms of Essex and Union connties- 
to the west and southwest, or Bei^u hill on the east. The abandon- 
ment of land, capable of raising crops, to the growth of weeds, and 
to commons because of its prospective value in dty lots is to be con- 
demned, both on account of the waste and because it makes an un- 
sightly border around our towns and cities. The oontrast in this- 
respect between the cities of Great Britain and Holland and oars is 
great and suggestive of improvement on our part. 

The great extent of unoccupied land in the western part of our 
conntry and the uncleared and uutilled tracts in the old-settled States, 
in comparative proximity to the large cities, as well as the lai^ size- 
of farms which allow of partition and division, have all met the want 
of land for farming purposes, and have to this extent retarded the 
work of reclamation of wet and of tide-marsh lands. Upland at 
low prices has competed sucoeeBfully with these undrained lands, and 
the latter have been neglected, generally. The cost of diking or em- 
banking adds much to purchase-cost and makes the amount of capital 
pnt in land comparatively high for farm use. If to the cost for 
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huAe or dikes there be added tlie outlay for maohtoery to raise the 
vater, the aggregate beoomee large and almost prohibitory. There is 
VI many localities the necessity for oo-operatiye or associated vork, 
instead of individnal enterprise. And this fact has no doubt pre- 
-rented, in a large d^ree, the reclamation of the tide-marsh lands in 
the State. The fertility and the ease of cultivation of these low- 
lands shonld attract the attention of farmers and immigrants in search 
•of new laud near markets and in old-settled communities. 
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MINERAL STATISTICS. 



The Btatietics of iron ore for the year 1892 have been received 
through the coorteay of John Birkinbine, of Philadelphia, who 
collected carefolly the amODnt for each mine and miniog company for 
the Dae of the Mineral Statistics division of the United States Geo- 
It^ical Snrvey. 

The total oatpot of the mines amonnted to 466,455 tons. The 
total reported by the several railroad companies, and by the furnace 
companies which receive their ore directly from mines, and which is 
sot included in ore tonnage of these companiee, amounts to 469,236 
tons. 

The Btatietics of last year's report are reprinted here : 

IBON OKE. 

1790 10,000 tons Morse's estimate. 

1830 20,000 tone Gordon's Oaietteer. 

1855 100,00(1 tons Dr. Kitchell'a estimate. 

1860 164,900 tons U. S. oenaiu. 

1864 226,000 tone Annual Report State Oeolc^Bt. 

1867 275,067 tons " " " 

1870 862,636 tons U. S. cenBua. 

1871 450,000 toDB Annual Report State Geologist. 

1872 600.000 tons " " " 

1878 665,000 tons 

1874 525,000 tons 

1876 890,000 tons •' " ■' 

1876 285,000 tons* 

1877 315,000 tons* 

1878 409,674 tons " ■• " 

1879 488,028 tons 

1880 745,i'00ton8 

'From statistics collected later. 
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...737,092 tone Annual Report State Oeologist. 

.. 932,762 tone " " 

.. 621,416 tone " " 

...393,710 tons " " 

...880,000 tone " " 

...500.501 toD8 

.. 547,889 tone " " 

...447.788 tone 

.. 482,169 tone " " 

...652,996 tone " " 

...551,368 tone " " 



The production of zinc ore in the State for the catendar year 1892, 
as reported by the companies working the mines at Sterling Hill and 
at Franklin Famace, in Sussex county, amounted to 77,298 tons. 

The statistics for preceding years are reprinted in the following 
statement : 

25,000 tons* Annual Report State Geologist 

1871........ 22,000 tone " " " 

17,500 tona " " " 

1874 13,500 tons 

14,467 tone " " " 

1879 21.987 tone " " " 

28,311 tons " " " 

49,178 tone " *' " 

40,138 tona " " " 

66,085 tona " " " 

40,094 tons " " " 

88,526 tone " ■' " 

43,&77tons 

, 50,220 tone " " " 

46,877 tona " " " 

56,154 tone " " " 

, 49,618 tons " " " 

, 76,032 tone " " " 

•EBtiin«l«d for 1868 and 1871. Statistics for 1873 to 1890, inclusive, are from 
reports of the railway companies carrying the ores to market. Tlie report foe 1890 
was from the companies working the mines. 
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DIBTBIBUTIOIT OF PUBLICATIONS. 

The demand for the publications of the Survey has in nowise 
diminJBhed doriDg Hie past year. Owing to the uncompleted condi- 
tion of the rooms of the Sorrey in the. State House, the work of 
distribntioD has been oarried on bj Mr. Upson, as heretofore, from 
the old office in New- Brunswick. 

The edition of tlie first volnme of the Final Beport (1888) is so 
nearly exhausted that its distribution must be most carefully con- 
sidoed in the future. 

There is a steady demand for the top(^;Taphical maps, both in single 
sheet and in atlas form. The sales during the last year amounted to 
a trifle more than {600. 

It is the wish of the Board of Managers to complete, as far as pos- 
sible, incomplete sets of the pnblicationB of the Survey, chiefly files 
of the Annual Beports, in public libraries, and librarians are vixged 
to oorreepond with Mr. Upeon oonoeming this matter. 

By the act of 1864 the Board of Managers of the Survey is a board 
of publication with power to issue and distribute the publications as 
they may be authorized. The Annual Beports of the Slate Greologist 
are printed by order of the Legislatnre as a part of the legislative 
documents. They are distributed Isi^ly by members of the two 
houses. Extra oopies are supplied to the Board of Managers of the 
Geological Snrvey and the State Geologist, who distribute them to 
Ubrariee and public institutions, and as far as poeslble, to any who 
may be interested in the subjects of which they treat. Several of the 
reports, notably those of 1868, 1873, 1876, 1879, 1880 and 1881, are 
out of print and can no longer be supplied by the office. The first 
volnme of the Final Report, published in 1888, was mostly distrib- 
uted during the following year, and the demand (ox it has been far 
beyond the supply. The first and second parts of the second volume 

(857) 
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have also beeo diBtribnted to the oitizenB and schools of the State, and 
to others interested in the particular subjects of which they treat. 
The appended list makes brief mention of all the publications of the 
present Survey since its inception in 1 864, with a statement of editions 
that are now out of print. The publications of the Survey are, as 
nsual, distributed without further expense than that of tranportation, 
except in a single instance of the maps, where a fee to cover the cost 
of paper and printing is chai^;ed as stated. 



Geoumy op New Jkbsey, Newark, 1868. 8vo , xxiv.+899 pp. 

Out of print. 
PoitTFOUO of Mapb accompanying the same, as foUowe: 

1. Azoic and paleozoic formations, including the iron-ore and limeBtone 
districts; colored. Scale, 2 miles to an inch. • 

2. Triaseic formation, including the red sandstone and trap rocki of Cen- 
tral New Jersey ; colored. Scale, 2 miles to an inch. 

3. Cretaceous formation, including the greensand-marl beds; colored. 
Scale, 2 miles to an inch. 

4. Tertiary and recent formations of Bouthern New Jersey; colored. 
Scale, 2 miles to an inch. 

5. Hap of a group of iron mines in Morris county ; printed in two colors. 
Scale, 3 inches to 1 mile. 

6. Map of the Ringwood iron mines; printed in two colors. Scale, 8 
inches to 1 mile. 

7. Map of Oxford Furnace iron-ore veins; colored. Scale, 8 inches to 1 
mile. 

S. Map of the zinc mines, Sussex county; colored. Scale, S inches to 1 
mile. A few copies are undistributed. 

Bbpokt oh the Clay Deposits of Woodbridge, South Amboy and other 
places in New Jersey, together with their uses for fire-brick, pottery, &c 
Trenton, 1878, 8vo., viii.+881 pp., with map. Out of print. 

A Preliminary Catalogue of the Flora of New Jersey, compiled hy 
N. L. Britton, Ph.D. New Brunswick, 1881, 8vo., xi.+288 pp. 

Out of print. 

Final Report of the State Geologist. Vol. I. Topography. Mag- 
netism. Climate. Trenton, 1888, 8vo., xi.-f439 pp. Very scarce. 

Final Report of the State Geologist. Vol. II. Part I. Mineralogy. 
Botany. Trenton, 1889, 8vo., X.+642 pp. 

Final Report of the State Geologist. Vol. II. Part II. Zoology. 
Trenton, 1890, 8vo., X.+824 pp. 
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Brachiopoda and Lamellibrakchiata of the Baritan Clays and Qreen- 
«aDd Marts of New Jersey, by Bobert P. Whitfield, Trenton, 1886, quarto, 
pp. S38, plates XXXV. and map. (Paleontology, Vol. I.) 

Qastebopoda and Cephalopoda of the Baritan Clays and Greensand 
Marls of New Jersey, by Bobert P. Whitfield, Trenton, 1892, 'quarto, pp. 
402, plates L. (Paleontology, Vol. II.) 

Atlas of New Jersey. The complete work is made up of twenty 
-flheets, each twenty-aeven by thirty-aeven inches, including margin, 
iatended to fold once across, making the leaves of the Atlaa 18} by 27 
inchpB, The location and number of each map are given below. Those 
from 1 to 17 are on the scale of one mile to an inch. 

Ko. I KlUollnRv Voilev and JUbuntaifl, t^m Hope to the Blnle line. 

M. z .SoulAiDfttenHifiTUanda, with Ihe southwest part of KllUtinny valley. 

Ko. 9 Omlro'fllfAIaniri. iacladlugallofMorrlacouaty weetofBoontoDiUidBiiBBexsoutbMid 

eait of Newton. 
I-'o. i Kiyriluaelerrt Highland!, Inclodtng Che coantry lying between Deck'ertown. DoTer, 

Paletsoa and Euffeni, 
So. B Vicinity oj Flanintton. from Somervllle and PrlnceCoQ trastvard to the Delavare. 
He. e. Tilt Valie]) iif the eai»aic, with the country eutward to Newark and soathwaid to the 

Raritan livsr. 
So 7. The Oyunliti of Btrgen, Hadion and Emex. wttb parts oT Faaalc and UtllOD. 
i. I'tonilj/ij^ IVmiOB, from New Brunswick to BordeotowQ. 
>. JfiHtttMu'A S/iore, with the Interior [nmi Uetuchen to Lakewood. 
). Vieiaily <jf Salem, from Swedesboro and BrldgeWn weatward to the Delawaie. 
0. 11, VielnUi/ of Camden, to Burlington, Wtnalow. Elmer and Swedeaboro. 

'. Victnily of Moxad HMy, from BordeutowD southward to Winslow and Woodmansie. 
jvo is rfcinCj ^ Bantegal Bay, with the greater part of Ooeao county. 
So lU, Vieinity itf Bridgeton, from Allowaystonn and Vineland Bouthward to tlie Delaware bay 

shore. 
So, 15. SoutVm/nbn-^, tbe country lyiag between Atca.UtilTllle and Egg HarborCiCy. 
So. IS. Egg Bariiar and Vicinily, Including (be Atlantic Bboie tiom Bamegal to Gi|pl Egx 

So 1'. Oipe May, with the country westward to Maurice rirer. 
So, IS, Seui Jersey Stale Map. Scale, G miles to an loch. Geographic. 
So. 19. liiXD Jeriey RtHfJ Map. Scile, Sniilestothe Inch. Hypsometric 
So. to. Sea Jeriey Oeologleal Map. Scale, B miles to the inch. 

In order to meet the constantly increasing demand for these sheets, the 
Board of Managers of the Geological Survey have decided to allow them 
to be sold at the coat of paper and printing, for the uniform price of S5 
cents per sheet, either singly or in lots. This amount covers all expense 
of postage or eipressage, as the case may be. Sets of the sheets, bound in 
atlas form (half morocco, cloth sides, gilt title, maps mounted on muslin, 
and guarded), are furnished at $18.50 per coj^. Application and payment, 
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